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ABSTRACT
This study was undertaken to determine the causes 
and effects of the decrease in the price of tung oil dur­
ing the post-war period.
The major portion of th® material has been pre­
sented in two parts: Chapters II, III, and IV explain
Part I, while Part II contains Chapters V, VI, VII, and
VIII. Chapter I Is more or less a presentation of the 
general plan followed in Parts I and II. A general sum­
mary of the thesis is th© subject of Chapter IX.
The development of the tung oil industry in the
United States and the current producing processing, and
marketing practices of the domestic industry were pre­
sented in Chapter II. The topics included in the study of 
the domestic industry were (1) origin of the domestic in­
dustry, {B) experimental development, (3) the domestic 
tung growing area, (4) soil and drainage requirements,
(5) scientific and technological development of the domes­
tic industry, and (6) the structure of the industry.
A description of the Chinese tung oil industry is 
found in Chapter III. The phases of the industry described 
include the following: (1) the producing area, (2) har­
vesting methods, (3) drying and pulverizing methods, {4) 
expressing methods, (5) Chinese transporting and marketing
xii
practices, (6) tun® oil production, (7) quality of 
Chinese tung oil, (8) Chinese consumption* and {9) ex­
port trade. Chinese producing and processing methods ere 
crude and appear to he inefficient,, The greatest portion 
of Chinese exports go to the United States.
fteoent developments of tung oil In countries other 
than the United States and China are presented in Chapter
IV. Countries in which tung oil is being produced include 
Latin America, Africa, India, Japan, Australia, and Russia. 
Countries in Latin America in which tung oil is being pro­
duced are Argentina, Brasil, and Paraguay. Tung trees 
growing in Latin America are relatively young.
In Chapter V, some of th® characteristics and uses 
of tung oil are discussed. The material was presented under 
the following major topics: (1) physical properties of
tung oil, (8) uses of tung oil, and (3) domestic consump­
tion of tung oil. The principal consumers of tung oil are 
the paint and varnish industry, linoleum and oilcloth in­
dustry, and the printing ink industry.
Chapter VI is a statistical presentation of produc­
tion and consumption of drying oils in the United States.
The study is broadened to include other oils used inter­
changeably with tung oil in the manufacture of drylng-oil 
products. The relative importance of drying oils is dis­
cussed under the following heads: (1) availability of
xiii
drying oils la th© United States, (a) the tariff status 
of drying oils, (3) government price support programs 
for drying oils, |4} relative prices of drying oils, and 
(5) consumption of drying oils in the United States.
Chapter VII Is a treatment of th® economic aspects 
of producing drying oils. The purpose of the chapter has 
been to determine the responsiveness of the supply of the 
various drying oils to changes In prices and to make a 
comparison of th© time required to effect a change in the 
supply of the various drying oils as a result of changes 
in the price.
Economic aspects of the demand for drying oils is 
the subject matter of Chapter VIII. An attempt is made 
to describe the market situations In which tung nuts and 
tung oil are sold and to relate them to economic theory. 
The nature of the demand for drying oils is presented.
The demand for drying oils is derived from th© demand for 
products which are made from drying oils, such as paint, 
varnish, linoleum, oilcloth, printing ink, and core oil.
An effort is made to determine the degree of competition 
prevailing in the market situations through which tung 
oil is distributed. It appears that the highest degree of 
competition prevails in the markets nearest the producer 
and that the degree of competition decreases as the pro­
ducts move toward th© consumer. The effect of changes In 
the demand for tung oil are presented, together with the
xlv
effect of changes in. the supply of tung oil or the price.
As shown in Chapter XX, factors which influenced 
the price of tung oil from about 1940 to 1948 have been 
listed as (1) characteristics and uses of tung oil, {&) 
th© availability of drying oils in the United States,
(3) consumption of drying oils in the United States, (4) 
economic aspects of producing drying oil®, and (5) the 
nature of the demand for drying oils.
XV
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CHATOR I
INTRODUCTION
Tung oil Is a drying oil of vegetable origin used 
principally in the preparation of paints, varnishes, and 
related materials. Xt is obtained from the kernels of 
tung nuts which are grown on speoles of the spurge family 
of plants. Traditionally, the growing of tung trees has 
been eonfined to China; however, resent years have wit­
nessed the development of tung orchards on a commercial basis 
in ether parts of the world, notably the United States and 
South America. The United States is the principal consum­
ing country and ranks second In production. However, the 
domestic industry produces only about one-tenth of the 
amount consumed annually. The production of the oil could 
be greatly encouraged by a tariff*
Soil and climatic considerations have limited the 
area in which tung trees may be grown successfully in the 
United States to six southeastern states, namely, Florida, 
Georgia, Alabama, Mississippi, Louisiana, and Texas. This 
limitation, however, can hardly affect the expansion of tree 
plantings.
Significance of the industry
The sale of tung nuts does not make a very significant
2
contribution to the total annual inoome of the producing 
states. In 1949, the farm value of tung nuts sold in the 
principal producing states was as followsi Mississippi, 
#l,946,000j Louisiana, #1,037,000; Florida, #990,000; 
and Georgia and Alabama, # 1 3 8 , 0 0 0 In as much as tung 
orchards hare been developed on out-over timber land and 
in other areas whioh hare become submarginal for other pur­
poses, the income from the sale of nuts - #4,105,000 in 
1949 - approximates a net inorease to annual inoome.
From the standpoint of Inoome diversifioation, the 
development of a stable tung oil Industry in the South can 
be helpful to farmers in the productive area as a stabili­
zer of farm incomes. Most significantly, in periods of low 
inoome and declining prices for agricultural commodities, a 
stable tung oil Industry tends to stabilize income of the 
region and nullify, to some extent, the downward swing of 
the business cyole. There is the possibility of a source of 
tung oil stimulating further industrialization of the South. 
An abundant supply of gum rosin is obtained annually from 
pine trees situated in the same general region in which tung 
oil is produced. A very good grade of varnish may be made
yuas Buts. Louisiana Crop Reporting Service, Bu­
reau of Agricultural Eoonomics, United States Department of 
Agriculture, New Orleans, La., (Jan. 10, 1950), p. 1.
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from a combination of rosin, tung oil, and a suitable color­
ing pigment. To the extent that sources of raw materials 
do influence the looation of paint and varnish establish­
ments, further development and stabilisation of th® tung oil 
Industry would make th® South a low-cost area for that in­
dustry. Still other typically southern industries whloh use 
large quantities of tung oil annually are the wallboard in­
dustry and oertain phases of the textile industry. Wall­
board and other building material may be treated with tung 
oil to make it waterproof and more durable. Certain textile 
goods, such as tents, awnings, and outer garments may be 
made waterproof by use of tung oil. The existence of these 
materials in the same or adjacent areas offers interesting 
possibilities of relocation of industries as the tung oil 
industry becomes better established.
from the standpoint of farm management, growing tung 
trees has some desirable features and helps to diversify 
farm income. “The widest benefit and greatest advantage 
that tung offers, is that of crop diversification.” 8 Small 
orohards, not exceeding four or five acres, may be maintained 
by the ordinary farm family as a cash crop to supplement in­
come from other farming operations. Xn addition, as th® 
harvesting and marketing period for tung nuts is from November
2 Marshall Ballard, "The Future of Tung,” The Ameri­
can Tuna Industry Marches. On. Revised Edition, The American 
Tung Oil Association, (1946), p. 15.
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through May, It offers an off-season source of Inoome ana 
does not interfere with other crops harvests# in spring and 
early fall. Sven though the trees may be damaged by live­
stock grazing in tung orchards, the extent of damage Is not 
considered sufficient to be prohibitive.
The Problem
The domestic tung oil industry has been expanding 
since its beginning on a commercial basis in 1932. During 
the 1930-1940 period, expansion was at a normal rate and 
the price of tung oil, though varying according to a seasonal 
pattern, was maintained at a profitable level. Tung oil 
price quotations were higher than quotations for other drying 
oils.
During the war-period, the price of all drying oils 
increased considerably. From 1940 to 1941, the average 
annual price of tung oil increased from 26.3 cents per pound 
to 32.2; linseed oil, from 9.7 to 10.7 oents; soybean oil, 
from 4.8 to 8.5 cents; oitioioa oil, from 18.9 to 20.8; and 
menhaden fish oil, from 7.1 to 10.1 cents. Castor oil de­
creased from 15.6 oents to 15.2. Considering the 1940 
average annual price as the base, the maximum war-time per­
centage change in the average annual price of the principal 
commercial drying oils was as follows*.
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Tung oil 50.57#
Linseed oil / . 68.88$
Soybean oil / 145.83#
Oitioioa oil / 38,66#
Menhaden oil / 83.10$
Castor oil / 17.97#
Drying oil prices during the postwar period present 
e distorted pattern. For the first year of the postwar 
period, 1946, tung oil was the only one of the representa­
tive drying oils to suffer a price decline from a wartime 
peak. The percentage average pries change from the war­
time high to the postwar low was as follows:
Tung oil - 60.97#
Unseed oil / 119.87#
Soybean oil / 97.47#
Oitioioa oil / 10.31$
Menhaden oil # 91.53$
Castor oil / 83.06#
Prioe ranges for the same oils are presented graphi- 
oally in Chart I for the years 1940 through 1949, By ref­
erence to the ohart, it appears that the prioe position of 
tung oil has experienced a serious set-back relative to 
other drying oils on the Amerioan market. Within a short 
period of about four years, the price of tung oil has de­
clined to the 1941 level? while the price of other oils

8
not only remained at relatively high postwar levels but ac­
tually increased with the end of hostilities and the re­
moval of government price ceilings. The primary problem 
presented by this situation, therefore, is to determine the 
cause or causes of the decrease in the competitive position 
of tung oil and to show how they have brought about this 
affect. How is tung oil produced in the United States,
China, and other countries? What are the characteristics 
and uses of tung oil? What are the most common drying oils 
and in what respect do they compete with tung oil? What 
are the economic aspects of producing drying oils? What is 
the nature of the demand for tung oil?
Method of Approach
The tung oil industry in the United States is rela­
tively new, and its peculiar features are not as generally 
understood as in the case of some of the more common agricul­
tural commodities. In order to present the characteristics 
of tung oil and the Industry, this analysis is divided into 
two parts. Part I, consisting of Chapters II through IV, is 
descriptive and historical in nature. It is felt that a des 
orlption of the industry in each of the principal tung-pro- 
ducing areas in the world - China and the United States - 
will serve to place the domestic industry in Its proper 
perspective in respect to world trade. Chapter IX is devoted 
to a description of the industry in the United States. An
9
effort Is made to point out, with as few technicalities as 
possible, the most important cultivating and marketing 
practices, as woll as technological and scientific improve- 
meats. In Chapter III which gives an account of the Indus­
try in China, in order to facilitate comparison, the same 
general pattern la followed. Emphasis is placed on produc­
ing, harvesting, and marketing practices, as well as "the 
state of the arts" in the Chinese industry. Chapter IV 
gives an account of current and potential sources of tung 
oil in other countries. This chapter is included because 
of its importance In a long-run economic analysis, rather 
than for its past and present importance. Emphasis Is 
placed upon developmental activities and possibilities of 
future growth in South America, Africa, and other scattered 
areas where tung trees may be grown with a fair degree of 
success. Throughout Fart I, reference is made frequently to 
historical developments net as a primary method of approach, 
but as a means of establishing a general sequence of chrono­
logical events in the entire industry. It is well known 
that industries tend to take on different characteristics a« 
they progress from infancy to maturity. This fact is of im­
portance in analysing the competitive aspects of a commodity 
which must compete with commodities produced by other indus­
tries occupying different levels of maturity.
Part XI, including Chapters V through VIII, consists 
of analytical material. The primary purpose Is to establish,
10
by inductive and deductive mathods, the underlying economic 
forces determining the market situations in which the most 
important commercial drying oils are exchanged and to set 
forth the most logical effects of the different market 
situations upon price* The accomplishment of this purpose 
involves an analysis of both supply of and demand for dry­
ing oils and tung oil in particular* A fundamental hypothe­
sis is that differences In the manner in whloh drying oils 
originate have a direct bearing upon their relative abili­
ties to compete successfully in the market, Therefore, 
supply ocoupies a prominent place in the analysis. Because 
the demand is of a derived nature and Industrial consumers, 
through chemical research, are able to make substitutions 
with apparent ease, the burden falls upon the producer to 
make alterations in quantities offered In order to avoid 
unfavorable price movements or to obtain the advantage of 
favorable price changes from other causes. A comparison of 
the degrees of elasticity of supply of competing drying oils 
is regarded as a useful method of analysis. Bo attempt is 
made to calculate the exact degree of elasticity of supply 
of any of the oils, but conditions which influence elasticity 
of supply are presented.
Physical characteristics and commercial usea of 
tung oil are presented in Chapter V* Since tung oil is used 
in preparation of various types of coating materials, it is 
felt that a presentation of the special industrial areas in
11
which those coating materials are used would be helpful In 
understanding the extent and nature of tung oil consumption 
in the United States. Basically, the chapter Is a descrip­
tive background for part of the analytical material in 
Chapter Till, which is an analysis of the demand for dir* 
lag oils, for clearness of presentation, the chapter is 
divided into five sections, [1) availability of drying oils 
in the United States, {&) comparative prices, (3) tariff 
status of competing oils, (4) government price support, and 
(5) consumption of drying oils.
The scope of the study is extended in Chapter VI to 
include other oils which are used in the United States for 
drying purposes. Greater emphasis is placed upon economic 
analysis in this chapter than formerly in as much as some 
use is made of material contained in previous chapters. The 
purpose of the chapter is to determine the relative impor­
tance of the principal drying oils with which tung oil must 
compete as an article of commerce. The order of presentation 
includes a section on each of the following topics: desir­
able qualities, comparative indices of drying properties, and 
availability of drying oils. The oils included in the chapter 
are segregated on the basis of their availability In quanti­
ties sufficient to influence the tung oil market. Major con­
sideration is given to domestic production and imports of 
those oils which currently are produced in quantities of com­
mercial importance, and those whioh do possess good drying
12
properties but ore not available is, commercial quantities are 
treated in a limited way.
Chapter VII consists of analytical material from the 
standpoint of producing drying oils, tung oil in particular.
It seems that supply should occupy an important position in 
the entire analysis because of the effect which substitutions 
have upon market price if rapid and worthwhile modifications 
ean not be made in supply. The rate of industrial expansion 
and development, the responsiveness of supply to price changes, 
and the time required for changes to be made in supply as a 
result of price changes are developed for each of the princi­
pal drying oils. A comparison of the oils on the basis of the 
above factors reveals the resourcefulness of production tech­
niques and methods to cope with dynamic market situations.
That industry which can contract production when prices are 
falling and increase production sufficiently and quickly 
when prices are rising is in a favorable competitive posi­
tion, other things being equal. In order to develop the®® 
aspects of supply, price and time elasticity of supply must 
be considered. Therefor®, a consideration of cost of produc­
tion of different oils and production time-perioda are under­
lying factors which influence responsiveness of supply,,
Certain inherent differences in plants and tree® from which 
vegetable oils are obtained are brought into the analysis in 
Chapter VII. Basic differences between annual and perennial 
crops are included.
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Chapter VIII la devoted to a consideration of demand 
for drying oils with primary consideration given to the de­
mand for tung oil. The primary purpose of the chapter Is to 
establish the character of demand for tung oil, to show in 
what respect it differs from the demand for other oils* and 
to set forth relevant economic principles ~ changes in sup­
ply and demand - which are potent price-determining devices. 
The basic problem of the chapter is to make an application 
of price determining doctrines to the reality of the tung 
oil market. This determination I© done, first, by isolating 
the various phase® or component parts of the drying oil 
market and evaluating them individually as to their effect 
upon price, and second, by considering the tung market in 
its entirety and illustrating the effect of changing con­
ditions of both supply and demand upon the price of tung 
oil.
The concluding chapter la an exercise in synthesis 
in which all previous chapters are considered collectively 
and co*elusions arrived at deductively and evaluated.
FAHF I
IBDOSTRIAL tQSmOPHBHT, FRACTIOUS, A«X> TIGfflTiqUSS
cHAraa xi
TIB 0OMSSTIC TUNG OH, ITO’STK?
Tung production In the United State® 1® confined to 
a relatively small area in certain portion® of the stetea 
of the Gulf Coast Segioa. The growing of tung nut® i® 
limited to that region because of the unfavorable climatic 
and soil conditions which prevail in other parts of the 
United States. Processing and refining operations are car­
ried on in or near the producing area because a high per­
centage of the total weight of the basic raw material is 
eliminated in the processing operation. Sigh cost® of hand­
ling, storing, and shipping tung nuts out of the producing 
area are avoided at least in part by processing there near 
the source of supply and shipping the oil to industrial 
consumers In tank oars or steel drums.
Origin of Tang Oil groduetlon. la t M  I M t M  3 k M a
Tung trees were introduced into the United State® on 
an experimental basis for the first time about the beginning 
of the present century. The flret planting® came from China. 
In 1908, L. S, Wilcox, United State® Consul General at 
Hankow, China, sent some tung seeds to a person in the 
Sen Joaquin Valley in California to be planted in that
15
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region. 1 At about the same time, the consul general sent 
some of the seeds to the United States Department of Agri­
culture In Washington. Those seeds were sent to experimen­
ters in the warmer regions of the United States. The ini­
tial efforts to establish tung groves in this country were 
unsuooessful. It was, therefore, recognised that further 
knowledge of the nature of the tung tree was necessary.
A second shipment of tung seeds was seat by Mr.
Wiloox in 1908 to the Bureau of Plant Industry. s The seeds 
were planted in Chieo, California, where the experiment 
proved to be more successful then formerly. Many seedlings 
were producedj and they were sent to State experimental sta­
tions, cemeteries, and city parks located In milder regions 
of the country which were thought to be suitable for grow­
ing tung trees. A great many of the seedlings were set out 
in Alabama at Fairhops, Robertsdale, and Batesvllle; in 
Georgia at Cairo, Augusta, and Thomasville; in Florida at 
Oainsville, Tallahassee, and St. Petersburg; in Mississippi 
at Biloxi, London, end Luc©dale; in Louisiana at Bolivar,
1 »• o. 0ooo.noon, Ssflfl f iU ’ Swmgl f t  an? Sownerctol
garter. i& tn. ap$iseBSa|„2l a Bmalig Saaa &E la .te .ri.Trade Promotion Series, 133, Bureau of Foreign and Domestic 
Commerce, United States Department of Commerce, Washington,
D. C., (1938), p. 82.
2 S. 1. Green, T. 1. Ashley, 0. F. Potter, and 
Ernest Angelo, T u m  gfittgfeftMississippi. Bulletin 409, Agricultural Experimental Station, State College, 
Mississippi, (Oct., 1944), p. 3.
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Finevilla, and Alexaadrla; in South Carolina at Sennets- 
villa and in Texas naar Houston.8
From the early experiments, it was found that fcfee 
Aleurites ford11 species could be grown successfully only 
la the Southern States and that tha Aleurites montane 
specie* is more adaptable to tha more tropioal regions. 
Subsequently, cultivation experiments became widespread in 
the Culf Coastal Begins.
Five of the seedlings sent from Chloo, California, 
were given to the superintendent of the cemetery at Talla­
hassee, Florida, who planted them in the cemetery there.
In the autumn of 1906, Mr. William 1. Baynes of Tallahassee, 
transplanted the seedlings to what was regarded as a more 
favorable location. Only one of the seedlings lived and grew 
to maturity. Sufficient seedlings were obtained from this 
tree in 1916 by Mr. Tement BonaIds to plant a 4-acre orchard 
near Tallahassee. 4 It was the first tung-beariag orchard 
in this country? and from it, a crop of tung nuts was ob­
tained sufficient to conduct the first trial expression of 
tung oil in the United States. 
gxoerlmental Peveloomettte
In an effort to obtain the cooperation of the leaders 
of the Paint Manufacturers of the United State® aa<i the 
national Tarnish Manufacturers Association in developing a
8 Coneannon, &£. olt.. p. 63
4 Ibid., P. 63.
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domestic tung oil industry, Dr. Fairchild presented an ac­
count of the early experiments and results to those leaders 
in 191&. They were favorably impressed with the poaslbili- 
ties of developing e domestic supply because of the disad­
vantages of their dependence upon Chine for their tung oil 
requirements. As a result of these pioneering efforts of 
Dr. Fairchild, a representative of the two national organ­
isations, Henry A. Gardner, visited the Gulf States during 
the next two years and conducted an Investigation. He sub­
mitted a formal report on the possibilities of developing 
the industry in 19S1. *
The American Tung Oil Corporation was formed in 
19S3 as a non-profit concern and financed by the paint and 
varnish manufacturers for the purpose of encouraging the 
growth of tung trees on a commercial scale. Sxperiments on 
tung tree culture were conducted on a SOO-acre fare?. near 
Oalnsville, Florida, and the results were distributed to 
prospective tung growers. • This experiment constituted 
the beginning of real and active progress in developing a 
domestic Industry. Even then It was evident that farther 
development could be accomplished by extensive commercial 
plantings of tung trees and economical harvesting of the 
nuts and expression of the oil.
8 Ibid.. p. 64.
6 Sbld.. P. 64.
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During the next few years many failures occurred be- 
oauae of improper location of groves, poor soil selection®, 
and aegleot of the trees. Many ill-advised promotional ad­
ventures characterised the pioneer days of the industry.
Snob promotional organisations sold many aores of land 
whioh were not suitable for successful cultivation of tung 
trees* Large financial losses occurred when land of this 
type was abandoned or applied to other uses.
Initial progress was very slow beoause of lack of 
proper technical and scientific information on suoh things 
as soil and climatic requirements, planting methods, culti­
vation practices, fertilisation, and expressing processes.
In the course of time suoh information was supplied through 
researoh and publications of the United States Department 
of Agriculture, state experimental stations, and some pri­
vate organisations interested in developing the industry.
The first commercial orop of tung nuts was obtained 
from tung orchards in florida in 1932. 60,000 pounds of
oil were produced in that year. Adverse weather conditions 
effected the crop yields from 1933 to 1943, before research 
efforts in developing frost-resisting trees began to pro­
duce positive results. 7 
The Tung Growing Argo,
The area in which oommerolal cultivation of the
? Sdmuad C. Wood, Tggx Oj&i 4 M m  M M
Office of Domestic Commerce, United J»ta tes Department 0 
Commerce, Washington, D. C., (1949), p. 3.
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Aleurites fordi! tung tree# ar® meat successfully grown la 
the Waited States la reetrioted to a narrow atrip of land 
inolading the southern portions of the States of Mississippi, 
Louisiana, Alabama, and Georgia? the northern half of Flo** 
ride; and the eastern Gulf oounties of Texas.
The test results are obtained in areas where the 
rainfall averages at least 40 inches each year* The western 
limit of suoeessful cultivation is oonsldered at about 98° 
longitude. Sarly experimenta In California and other re­
gions west Of that line have indicated that the rainfall le 
insufficient or too Irregular to furnish proper nourishment 
for tung trees.
The southern and northern limits are fixed by tem­
perature considerations. The tree thrives best where there 
is sufficient cold weather during the year to allow for a 
dormant period and where early and 1st® frosts will not in­
jure the fruit buds. Very young trees may be killed by 
sudden drops in the temperature below 20° F. Only the 
mature trees can withstand temperatures below about 10® F. 
The climatic temperature found in the area described above 
is the most suitable for successful tung tree cultivation, 
because of the Infrequent and mild frosts which occur 
there.®
6 Ibid.. p. 23.
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Sail and Drainage laculraments
It was observed from early experience with tung trees 
In thla oountry that they would grow on practically say typ® 
of soil; however, experience through the years had damn* 
strated that suoh batter results may be obtained through 
proper selection of the type of soil upon which tung or- 
ohards are to be established. Tung trees will live and grow 
la poor soils and they are hardy enough to withstand a oer- 
tain degree of drought and frosts, but more favorable soil 
and climatic conditions will speed up growth, increase pro­
duction per tree, and lengthen the productive life.
The Aleurltea ford11 specie® has very strong and 
distinct soil preferences which are based upon nutriment re­
quirements of the tree. It is a heavy consumer of nitrogen 
and water. Abundant rainfall aids the tree in developing 
good feeding habits which permit it to take full advantage 
of the required plant foods present In the soil.9
The basic soil requirements are good texture and 
liberal quantities of organio matter. The land should be 
wall drained and situated on rolling terrain at elevations 
higher than surrounding land so that proper drainage and 
adequate aeration may be provided* 10
9 Ines E. UoDuff, wAa Old World Tree of Commerce,H 
Louisiana Conservation Review. (July, 1938), 18.
LQ Henry A. Gardner and Paul B. Butler, Tuna Oil Cul­
ture. Special Circular, Soientifio Section, 9ationo1 raint,1 
Varnish, and Laoquer Association, Inc., Washington, r. G., 
(June, 1937), p. BO.
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An acid soil Is considered to be th® most desirable.
A soil with a pK valus of fro® 5.5 to 5.5 should be selec­
ted. H  A soil reaction of below 5.5 indicates an excess of 
sold, and a soil with a reaction above 6.5 Indicate® a laok 
of sold and an excess of alkali. Lime present in th® soil 
is a source of alkali and results in slow growth of th© 
tree.
The soil should be loose in order to allow rapid 
passage of rainfall. Air penetration Is desirable also.
MfftjU&t aM .Hmtoamk si 1M M  OilIndustry
Many very useful Improvements have been made in th® 
methods of processing tung fruit. This summary is not inten­
ded to be a detailed and teohnioal dssoriptiea of the many 
processes of production found in the tung oil industry; in­
stead, it is presented only as a general description of 
processing operations.
Experience has shown that excessive moisture in th© 
tung fruit will slow up the processing operations and reduce 
the amount of oil which may be obtained by proper dehydra­
tion. Also experience has shown thet artificial drying of 
the new fruit is very costly. Therefore, the general proce­
dure among producers Is to allow the nuts to dry on th®
11 Chesley Hinee, Tting Oil ffrPMctlon Mississippi. 
Extension Bui. Ms. @7, g x t e n s i o O ® £ £ F &
State College, State College, Mi®®., (Oct., 1037), p. 10.
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ground until the original moisture content of about 65 per 
sent la reduoed to about SO per east, after which the fruit 
la collected and stored In haras for further drying. %an 
the moisture ooatent has been reduced to about 13 per cent, 
the nuts are serried to the processing mills. 12
At the mills, the nuts are subjected to further 
drying before they are orushed. The regular drying bins 
found at some mills are not very satisfactory because of 
the lack of uniformity and extended length of the drying 
process. The fatty acids which form in some of the nuts 
during the long drying period in the bins will reduce the 
quality of the entire output of oil from ell the nuts.
The vertical driers found at some of the mills have 
been very satisfactory. In these driers, war® sir Is drawn 
through relatively thin layers of nuts. In this way, the 
drying time required to reduce the moisture content of the 
nuts from about 13 per cent to 3 per cent is reduced to a 
few hours. Also the drying process is mors uniform than 
when regular bins are used.
2M  BiftiUM E m m
Before the oil is expressed from the nut®, the hulls 
and part of the shell must be removed from the kernel®. It
12 Robert S. McKinney, Tuna Oil. Bureau of Agricul­
tural and Industrial Chemistry, Agr1culturst 1 Research Ad­
ministration, U» S. Department of Agriculture, $®lne®vlll®,
71a., (Nov., me), p. 2.
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appears that the most efficient way of doing this is by use 
of a ball-bearing dish hulling machine properly adjusted to 
do the work. It has been found that higher oil yields m j  
be obtained if the fruit is hulled when it oontains from 
15 to 80 per oent moisture,13 Oreater oil loss occurs 
when the fruit oontains less than about 15 per oent mois­
ture, beoause pleees of the oll-oontalaing kernels tend to 
remain in the dry hulls.
It appears that the cost of antra handling could 
be reduoed if not avoided entirely, if a prooess could be 
developed by whioh the nuts could be hulled immediately 
upon arrival from the drying barns of the producers when they 
contain about the proper amount of moisture for most effi­
cient hulling. The hulled kernels could then be placed in 
the vertloal dryers where moisture content could be reduced 
to the required minimum without the added cost of drying the 
hulls and shells whioh will be abandoned. 
tkoresslon of Oil From the Tung Huts
After the kernels have been ground into a meal, the 
oil is separated from the meal by means of applied pressure 
of about 18,000 pounds per square inch. The best results 
are obtained by what is known as a continuous press, in pre­
ference to hydraulic expression or solvent extraction. There
lS Ibid.. p. 2.
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are several different types of continuous pressure presses, 
tut in each of then the process Is similar• the meal is 
preheated to about 180® F. and placed la a cylinder of 
steel bars. Pressure is applied by means of a Jack-screw 
device which presses a shaft into the cylinder containing 
the meal. As pressure Is applied, the oil flows out 
through openings between the bars. The crude oil contain­
ing much foreign matter then is forced through a filter 
press into storage tanks. Best results are obtained with 
meal containing 3.5 per oent moisture and about 30 per 
cent shell. The presence of pieces of shell la the meal 
aids the flow of oil when pressure is applied to the meal.
Through continuous operation of the filter press, 
the foreign material filtered from the oil accumulates on 
or near the filter screen. The formation of foreign ma­
terial is known as filter cake and it contains a high per­
centage of oil. Extracting the oil from the filter cake 
constitutes a special problem to mill owners. The beat 
that is done under present conditions is to mix the cake, 
containing about SO per oent oil, with a sufficient amount 
of dry broken shells and send it through the screw press 
again. It does not appear to be a very satisfactory way 
of solving the problem.
It has been suggested that a method of extracting 
the oil from the filter cake by means of petroleum solvents 
may be the best way of solving the problem. It has been
86
shown by laboratory experiments that over 98 per oent of 
the oil may be extracted by the use of solvents.
8m w , %  g m a l w w r
Qommeroial mills la the tung oil producing area 
reported the following yields from the tung fruitt
Bulls and shells 55 to 00 per cent of the fruit
Meal 40 to 43 per oent of the fruit
Oil 14.7 to 19.3 per cent of the fruit
Oil in cake 3.2 to 6.6 per cent of the cake Id
The effioienoy of individual mills varies with the 
type and condition of the press end the condition of the 
fruit.
filtration of Crude Oil
Because the orude oil contains a considerable 
amount of ground kernel, meal, and broken shells as It
comes from the press, It is necessary to filter the oil to
remove these impurities. Filtration is done by passing 
the oil through a steam-heated tank where It is heated to 
about 1800 F. While the oil is atill hot it is forced 
through a filter press equipped with filter cloths.*® 
Sometimes a small amount of water Is added to the oil in 
the steam-heated tank to increase the rate of filtration 
and to improve the transparent quailtie® of the oil.
14 Wood, op,, oit.. p. 81.
16 McKinney, oj>. oit.. p. 6.
£?
The filtration operation la continued until it 1® 
apparent from a reduoed rate of flow of oil or from an in­
crease in the amount of pressure required to maintain a 
normal rate of floe that the filter press la clogged with 
impurities. Before removing the cake, air la blown through 
the press to remove as *i-eh of the oil from the filter oak® 
es possible.
For a number of pears It has been recognised by 
those in the Industry that Increased quantities of ail 
eould be obtained if it oould be extracted by the use of 
solvents. Through research, it was found that the oil 
oould be extracted by the use of solvents and that solvent 
extraetlon secures a greater quantity of oil than the me- 
ohaaleal process, but the quality is somewhat inferior,
It contains a fatty sold and tends to solidify.1®
Experimental studies conducted by the United States 
Tung Oil Laboratories at Oalnsville, Florida, and Bogalusa, 
Louisiana, have demonstrated not only that greater quanti­
ties of oil may be obtained by solvent extraction, but that 
the solidifying tendency of the oil may be prevented by 
heat treatments. If the oil is heated to about 8Q0® C for
-1® Re1ford I. Holmes and Frank 0. Pack, The Applica­
bility of Continuous Solvent Extraction to Tung Oil. Bureau 
of Agrioultura1 and Industrial Chemistry, Agricultural Re­
search Administration, United States Department of Agricul­
ture, Bogalusa, La., p. fi.
30 minutes, it becomes permanently liquid at normal temper­
ature.17 Experimental studios hove shown also that the 
efficiency of solvent extraction varies with the condition 
of ground kernels from which the oil is extracted. Sol- 
▼eat extractloo of oil from press cake offers no particu­
lar problem. However, the efficiency of solvent extraction 
of oil from meal depends upon the method of grinding.
then the kernels are ground in attrition-type grind­
ing mills, solvent extraction is not very satisfactory be­
cause of the compactness of the meal. After the oil Is 
separated from the meal by the action of the solvent, a 
compact non-porous eake la formed which prevents the oil 
from flowing out of the cake freely. A very common way of 
aiding the flow of oil la to add alternate layers of porous 
material and ground kernels In the extraction chamber. In 
this way, about 9fc per cent of the oil may be extracted 1® 
8c suoh special preparation is necessary when the meal is 
ground with roller mills or in extracting oil from press 
cake. In a pilot test, about 99 per oent of the oil was ex­
tracted by the solvent method, using normal hexane as a sol­
vent, from tung kernel® ground in roller mills. Extraction 
efficiencies of 99 per cent or better were obtained with
17 McKinney, o£. oit.. p. 4.
18 Ibid.. p. 4.
at
ground tung kernels, ground tung seeds, commercial press 
sake, and experimentally prepared tung prase oak® contain­
ing 20 per oent oil.” The meal ground la roller mills 
is porous and permits the oil to flow freely.
H i  a s m f t m  St i M  Isgmisz 80
There are two groups of people responsible for the 
production of tung oil in the United States: the producers
and the processors. In most Instances, there is a clear 
distinction between the two groups. The producers are the 
people who own the tung orchards, and their chief function 
is to grow tung nuts. The processors are the people who 
own the crushing mills, and their primary function is to 
process the nuts and to distribute the oil and by-products. 
In some cases, the distinction between producer and pro­
cessor is complicated by the ownership of orchards and 
processing plants by the same persons* Sometimes the func­
tions of producers and processors appear to be over-lapping 
when the responsibility of distributing the oil is shared 
by each group.
19 I*ld«. P* 4.
20 The information contained In the remainder of
this chapter was obtained during an interview, ■July 8,
1950, with Mr. Tom Crawford, Managing Secretary of the 








































































































































of work, and the date. The aaanager of the pool arranges
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work-achedule for eaeh worker registered with hi®, "he 
workers usually work is groups of two or three.
HmwjlUbs iba. Sal*
The harvest season is fro® about November 1 to 
January 1, during which time labor is employed to piok the 
nuts from the ground, plaoe them In bags, and staok them 
along the edge of the orchards where they may be trans­
ported to the mills. Unskilled labor is employed for this 
purpose. The labor supply consists of local labor plus 
some workers who migrate from the cotton belt after the 
ootton-picking season ie over. The tung producer obtains 
the workers through labor managers who form labor pools 
for that purpose. The producer requests the labor manager 
to bring the desired number of workers to his orchard on 
a certain date. The labor manager is paid on the basis of 
the number of workers per day, and the workers are paid 
on the basis of the number of pounds of nute picked up 
and bagged.
?inanoins the Tung Prop
The procedure by which the growing of tung crops 
le flnanoed varies with Individual cases. Some of the 
producers rely upon their own resources, while others 
borrow funds. During the growing season, the producer may 
borrow funds from two sources, namely, the Production and 
Marketing Administration and the local banks, After about 
March IS, when there is not much danger of damage to the crop
from late frosts, a loan may bo obtained by tbs producer 
from the Production and Marketing Administration on a 
pledge of the orop as security only after an investiga­
tion of the producer's orchard has been conducted. The 
maximum amount of a loan depends upon the else and esti­
mated productivity of the orchards owned by the producer. 
The second source of funds available to the producer is 
to borrow from the Production and Marketing Administra­
tion or from a local bank on the security of oil pro­
duced during a previous year and placed in a bonded sto­
rage tank. The Production and Marketing Administration 
will take a loan of this type up to 00 per cent of the 
market price of the oil. The estimated cost of keeping 
ell in a bonded storage tank and obtaining a loan on the 
basis thereof from March through November is equal to 
about 1/2 cent per pound of tung oil.
«g£fc.«£i;3iB &£. IBM &£*»> M& MXrRfMM H
The channels through which the products of the 
tung industry flow to the market include Cl) the producer, 
(2) the processor, (3) the marketing-pool manager, (4) 
the broker, and (3) the consumer. The producer carries 
the outs to the processing mill where they are processed 
on a fee or toll basis. The customary fee for the 1949 
crop was about ^12.30 per ton. If processing is done on 
a toll basis, the toll amounts to about 1/S of the nuts.
In either case, the hulls and press cake become the
m
property of the mill owner, the oil obtained from the nuts of 
of the producer remains the property of the producer sad Is 
placed la a bonded storage tank located at the mill and in 
trust of a marketing manager who has the authority to sell 
it at the beet prioe he can obtain. The oil of producers 
and processors alike is placed In a common pool under the 
care of the marketing-pool manager. The amount of oil in 
each quantity of nuts brought to the mill Is calculated on 
the basis of the oil content. A sample la token of each 
truck load and sent to a chemical laboratory for analysis 
to determine the percentage of oil in the nuts. Each mem­
ber of the marketing pool is issued a certificate indicat­
ing the quantity of oil in his account and assigned a se­
rial number according to the time the oil is placed in the 
pool. Partial payment is made to the producers by serial 
numbers. Those who hare the first numbers issued receive 
payment out of the first funds available from the sale of 
oil, and those who have higher serial numbers receive pay­
ment at a later time. Original payments are made on the 
basis of an estimated average price which is expected to be 
obtained from the sale of the entire pool. Adjustment pay­
ments are made after all the oil placed in the pool has been 
sold and the actual average price Is calculated. Several 
marketing pools may be formed in each locality and use the 
same storage facilities. Xt is a common practice for some 
of the producers to act as marketlag-pool managers.





©umber of brokers buying tung ell may be too small to pro-
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1io©*Ht











































































































gives protection to those producers who are forced to sell
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when the market price la below the support price.
There are two by-products of the industry which 
have eoa® eoonomio value, namely, the hulls and meal. The 
hulls are sold to fertiliser-mixing establishments as an 
eld in mixing fertiliser* The meal is sold as a fertil­
iser for the citrus fruit groves in Florida* The average 
price obtained for the meal from the 1949 crop was about 
#12 per ton, f*o.b., Bogaluse area. Both of the by-products 
become the property of the processlag-mill owners at the 
time the aute are processed*
There ere thirteen processing mills in the tung 
producing aree. Four of the mills are located in Louisiana? 
two la Bogaluse, one in Franklinton, and one in Covington. 
Two are located In Mississippi and the others in Alabama, 
Georgia, and Florida. One of the mills in Bogaluse is a 
proprietorship and the other is a corporation. The mill 
located In Frankllnton, Louisiana, Is a partnership, and 
the one in Covington is a cooperative.
The Ozone Tung Cooperative
The Ozone Tung Cooperative, Covington, Louisiana, 
was chartered in August, 193®. *1 It started with only
21 Ward W. let row and Daniel II. MoVey, “A Lone 
Eagle, Ozone Tung Co-op,” News fgr f.amar Si3LO.pa.ri.tly.es 
{May, 1949), p. 1.
3S
80 members who contributed about t5,O0O to the original fund. 
A loan of $3,800 was obtained from tbs New Orleans Bank for 
Cooperatives. The loan plus the original contribution of 
members was used to purchase land, ereot buildings, and 
purchase and install an expeller at a total cost of approx­
imately #8,000. Hew and additional equipment has been pur­
chased sinoe 1938. The plant now has storage for 800 tons 
of nuts, 8 oars of oil, 6 oars of hulls, and six oars of 
#eaX. The total oost of the plant has been about #80,000,
whloh la carried on the books at a depreciated value of 
#58,000. 22
In order to become a member of the cooperative, 
a tung grower must make a written application to the board 
of directors. Two members of the board are appointed to 
inspect the orchard of the prospective member and make a 
report. If the application Is approved, the grower is re­
quired to sign a marketing agreement and buy preferred stock 
equal to $3 per aore of orchard up to #100. In the case of 
a large grower whose contribution exceeds #100» the amount 
is determined by the beard of directors. Sighty~four pro­
ducers were members of the organization in 1943.83
The cooperative does not own any tung orchards.
The nuts belong to the individual members "until they are
22 M * .  P* *•
Ibid«i p. 1.
3?
delivered to the mill and all costs of delivering nuts are 
paid fey him." ®* Only a small payment 1® made at th® time 
the sots are delivered to the mill. Supplemental payment® 
are made as the oil and by*produott are sold# final pay­
ment la made when all the products ar® sold and the pool 
la closed. Payment la made to members on the basis of oil 
content of nuts delivered. A 8 per cent dividend is paid 
on preferred stock and membership equity credits, after 
all operating expenses are paid. There is no common stock.
Any balance of set proceeds la distributed on the following 
basis: {1} the board of directors determines the amount
aeoessary to fee retained for capital purposes, and (S) the 
balance is paid in cash on a patronage basis to the members.®55 
The seasonal character of the bung producing business 
and lack of alternative uses of the mills when they are not 
feeing used ta crush bung nuts appears to hinder the establish- 
meat of additional processing mills. The processing season 
is from about November IS to Sfey 31. The plants begin opera­
tion when sufficient quantitlea of nuts have accumulated in 
the storage bins and operate continuously to the end of the 
season, or as long as a supply of nuts la available. For 
the rest of the time, the plant is idle. During the
24 Ibid., S>. 2-
25 Ibid., p. S.
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non-productive period, fixed costa oontinue. *Fh® coat of 
capital investment, insurance, and property taxes must be 
paid for the entire year. It la necessary for the plant to, 
earn a rate of return during th© period of operation equal 
to about twice as much as would bn necessary on an annual 
basis. Milling fees are higher than would be necessary to 
earn a normal rate of return if the plant could be operated 
the entire year.
CHAPTER III
THE CHINESE TUNG OIL INDUSTRY
Tung oil was of considerable importance in th® domes­
tic commerce and industry of China even before th® time of 
Marco Polo. It was used as a waterproofing material for 
hand-made articles, for caulking Chinese ships* and for illu­
mination before it became an important article of interna­
tional trade.
The oil first entered foreign commerce through the 
efforts of Portuguese traders who visited Canton in 1516 and 
received tung oil in exchange for European articles of com­
merce. In subsequent years, a very good foreign trade de­
veloped % and by the 20th century, China had come to depend 
upon tung oil as its most important item of export trade.
It was a natural thing for production of tung oil to 
decline during the Sino-Iapanese War. Those trees which were 
growing in orchards were neglected badly. Many of the® were 
out down and used for fire wood. Still others were cut down 
and removed to make way for food crops to feed the dens® popu­
lation of China. Other faotors which contributed to the 
neglect of the trees wore low prices paid to the farmers or 





la many of the tung producing areas in China, espeo-
tally in the interior, tung trees are grown in an unorgan­
ised fashion. On account of the high demand for th® best 
grade of land for food production purposes, the growing of 
tung trees in many localities is confined to the fence rows, 
hillsides, and ether areas which are considered to be unfit 
for general agricultural purposes.
Some systematic plantings hare been made from time 
to time la the southern coast provinces of iCwangtung and 
Kmangsi and in the Interior province of Szechwan. Even in 
these provinces, production of nuts has not been very high
because of neglect and lac Sc of proper methods of culture.
Roughly, the tung nut belt in China lies between 
100® and 188® east longitude and between SIS® and 84° north 
latitude, including a total area of about 900,000 square 
miles. 2 The Aleurites fordll species grows in the Yangtze 
Valley of the northeast; while the Aleurites montane grows 
in the southern part of Ohlna. 3 
Harvesting Methods
Hot all of the tung nuts which are produced in China
Wood, 0£. olt., p. 45-48.
* Wood, 0£. Pit.. p. 46.
® I*>ld.» P*
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are allowed to ripen and fall to the ground in an orderly 
way. Frequently, those which are found on trees growing 
wild outside the cultivated plantations are knocked from 
the trees with poles before they are fully rip®. It has 
been reported that this praetioe may be aooounted for by 
the prevalence of the custom among the looal tung-nut col­
lectors of stealing the nuts before they have had suffi­
cient time to ripen. The nuts which are harvested in a 
mere orderly fashion are allowed to ripen and fall to the 
ground and remain there exposed to the weather long enough 
for the hulls to crack open so that the seeds may be re­
moved by hand. Sometimes the period required for the nuts 
to dry and pop open le reduced by one of three common 
methods. First, the nuts are collected Into large piles 
and covered with a thick layer of straw. Water is poured 
on the bank of straw and tung nuts at frequent intervals.
In this way, fermentation causes more rapid decay of the 
hulls. Second, the nuts are placed in large vats and 
covered with hot water. The hulls, softened by th® hot 
water, burst open and permit the seeds to be removed easily 
by hand. Third, the nuts are placed in a large roasting 
pan to which heat is applied. The dry hulls crack open and 
the seeds are removed by constant stirring with a wooden
stick.4
4 Ibid.. p. 47.
After the seeds ere removed from th© hull®, they are 
platted la baskets by the producer end transported to the 
local mill and sold to native mill owners.
V * Z M r and Pul.»rl«lag Method
*hen the seeds arrive at the mill®, they contain a 
eoaelderable Quantity of broken hulls and ether foreign mat­
ter whioh must be removed before they are pulverised* One 
method commonly employed is to pick the undesirable pieces 
ef hulls and other material out by hand. Another method, 
known as "winding," is to pour the seeds from one container 
to another while the wind is blowing, permitting the 
lighter particles to be blown away while the heavier seeds 
and kernels fall into a basket.3
After the seeds have been cleaned, the moisture con­
tent is removed or reduced by roasting them In large iron- 
bottom pans. The roasting process not only removes the 
moisture, but it makes the seeds more brittle and suitable 
for pulverising. The roasting method is known as the ^hot- 
pressed process" and it produces a very dark grade of oil.
The exposure to excessive heat causes an undesirable chemical 
reaction in some of the seeds. To avoid the dark color 
effect, some processors make use of a crude type of drying 
kiln. Others spread the seeds in the sunshine during the
8 Gardner and Butler, ££. cit.. p. IS.
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summer months in 0ingle layers where they ere dried by the 
sun, The latter method produces the lightest colored oil, 
though the proeesa is very slow. 3
After the seeds have been cleaned and dried suffi­
ciently, the next step in the processing procedure is to 
pulverize or crush them into a meal-like substance. This 
crushing is done by placing the seeds in a large mortar and 
pounding them to pieces with an unusually large wooden ham­
mer which fits into the opening in th® mortar. The device 
is very primitive and is operated by manual labor. 
Expressing Methods
After the kernels have been pulverized, the next 
step is to prepare the meal for expressing the oil by form­
ing it into a cake of sufficient size to fit into the ex­
pressing device. The method most commonly used is to place 
the meal in the large vats which are used also for drying 
the nuts and mix enough water with it to form a mush-like 
substance. The substance then Is heated until it is very 
soft and mushy. While the mush-like material is hot, 
enough straw is mixed with it to hold it together. Then 
the mixture is moulded into round cakes about four inches 
thick and fifteen Inches in diameter.
A Wood, Op. clt., p. 48.
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The cakes are placed la an expressing devise consist­
ing ©f a partly hollowed out log with a slit down th® side, 
a wooden ram-red whieh fits Into the hollowed out opening In 
the log, and a set of wooden wedges. Th® cakes are stacked 
in th# opening in the log while it is in a vertical position, 
and th® wooden rod is pushed dowr. on top of the stack of 
cakes. Constant pressure is applied by driving wooden 
wedges between the top of the wooden ram-rod and a station­
ary horizontal beam* * The expressing process is slow and 
inefficient, yielding from 30 to 35 per cent of the weight 
of the kernels in oil.
The expressed oil is strained through coarse cloth 
a number of times to remove the impurities. The strained 
oil is placed in baskets oarefully lined with varnish paper 
to be transported to the market.
Sfrlftfgg l^fflgortiM and SCia&ftltt
Transporting the processed oil from the interior 
regions of the Upper Yangtze and lan Hivers to the collect­
ing centers is very dlffioult, slow, and expensive. The 
terrain is rough, the distance is great, and the methods 
employed are crude. The oil is transported overland by 
coolies and paok animals. Where waterways are accessible 
small junks are used.
7 Ibid.. p. 40-40.
Th# principal collecting ©enters are Laohokow, 
Xohang, Shasi, Changteh, Yoohow, and Changsha in central 
China| Luohow, In western China} Nanning and Liuohow in 
southern China} and Hangchow and Wenchow in eastern 
China. 8 At each of these collecting oenters the oil is 
transferred into larger and more durable containers for 
shipment to marketing oenters.
The principal marketing oenters are Wuohow, located 
on the Si Hirer In southern China} Chungking and Mansion, 
located on the Upper Yangtze Hirer in western and oentral 
China; and Shanghai, located on the ooast at the mouth 
of the Yangtze in Hastern China. At eaoh of these trading 
oenters the oil is refined in order to remove as much of 
the impurities and moisture as possible. The refining 
process consists of placing oil in large tanks and heating 
it to about 80° C for about 10 hours and filtering it 
through a filter press*9 Sometimes the oil is not filtered 
through a press but is allowed to stand for several days 
in a storage tank. The impurities settle to the bottom and 
the better grade of oil at the top is drained off. The 
process say be repeated until a very clear oil is obtained.
46
After the ell has been refinert, it is shipped to the 
exporting eenters where it is stored in tanks or pimped into 
tank ships engaged in export trade. Th© chief expert cen­
ters today are Shanghai and Canton. Hankow is th® principal 
interior market center for tung oil in China, and Shanghai 
is the central expert city.
The Chinese tung growers or collector® sell the nuts 
to local expressing mill owners or, in oases where no mill 
is located, to tung nut peddlers who travel from on® village 
to another during harvest season buying at a price below 
that paid by the mill owners. The peddlers, in turn, sell 
to the mill owners in the small towns. In some cases, the 
peddlers sell the nuts to oil dealers located in th® col­
lecting eenters. Such oases, however, are rare on account 
of the difficulty and cost of transporting heavier nuts 
overland. If the oil is expressed locally, from 80 to 88 
per cent of the weight is avoided.
The oil is shipped by the local mill owners and 
peddlers to dealers located In the collecting and marketing 
oenters. The dealers have large storage facilities and 
credit resources for buying and holding considerable quanti­
ties of oil. Local banks extend short-term credit on the 
security of tung oil warehouse receipts. In addition, 
credit is extended to dealers by money shops on the basis of 
rather informal contracts and at an Interest rat© higher 
than that charged by the banks.
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The dealers ship the oil to the marketing centers 
most aeoesaible to them and eell to brokers representing 
Chinese exporting houses or directly to brokers represent* 
ing foreign importers.
In normal times, the price which the exporters and 
foreign importers will pay for the oil depends upon the 
demand for tung oil abroad, principally in the United States 
and England.
Production of Tung Oil
Zt appears that no reliable figures on the produc­
tion of tung oil in China have ever been available. How­
ever, one estimate places the average for 1935-37 at 
100,000 tons annually; 1943, at 31,000 tons; and 1940, 
at 90,000 tons. Estimates for 1947 were stated at 103,000 
tons and for 1948 at 115,000 tons.10 Neglect of the or­
chards during the war caused production to decrease. Some 
of the trees were removed from the land to make way for the 
production of food crops. Better care of the orchards after 
the war resulted in an increase in production.
<ta»Uty of Chinese Tung. Oil
Generally, the Ohlnese tung oil is inferior to that 
produced In the United States because of the crude methods
10 Figures released by the Chinese Embassy and 
cited by Wood, o£. olt.. p. 47.
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of handling the nuts and expressing the oil and because of 
the practice of mixing tha oil with other similar types of 
vegetable oils to incraasa tha quantity, lhan tung oil 
prices are higher than the prices of othar oils, th® incen­
tive is great for those who handle tung oil to adulterate 
it by adding cheaper oils.
Considerable efforts ware made by the Nationalist 
Government to improve the quality of tung oil destined for 
export. Testing stations were set up at the principal 
market eenters. A fair degree of standardization has been 
accomplished.^ However, the oil which Is cleared for ex­
port still Is reported to be inferior to that produced in 
the United States. "It is quite olear from the reports of 
the results obtained that American oil is entirely satis­
factory and generally superior to imported oil.” 18 Domes­
tic oil sells on the American market at a premium of two 
or three cents per pound.
Chinese Consumption
The amount of tung oil consumed domestically In 
China seems to depend upon the relationship between the in­
ternal political and economic conditions and the export 
market. During the period of the recent war and at the
^  WoOd, op. Pit.. p. 53.
12 Gardner and Butler, ££. olt., p. 01.
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present time with civil war going on in China, tung oil is 
used ss a substitute for fuel for heating, power, and light-* 
lag. Very little is consumed in manufacturing as a raw 
material.
When the foreign markets are good and prides are 
high, greater quantities of tung oil are channeled into the 
export trade. This situation accounts, in part at least, 
for the rapid recovery of the Chinese tung oil industry 
following World war XI. During the war, with the Japanese 
blockade of the southern and eastern coast lines, exports 
dropped to a very low level. In fact, the oil which was 
exported had to be transported westward over the Burma Hoad 
to Haagoon. Domestic consumption increased during this 
period to a peak of about 00,000 tons annually.13
With the removal of the blockade at the end of the 
war and the removal of all export duties on tung oil by the 
Rationalist Government, greater quantities of the Chinese 
output went into the export market. The export market also 
benefited from a reduction in the number of military craft 
on the navigable streams in China at the end of the war.
During the post-war period, special emphasis was 
placed on the export market by the Rationalist Government, 
because the reoeipts from tung oil exports constituted the
14 wood, pp. oit.. p. ss.
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primary source of foreign exohang® so essential for financ­
ing vital imports.
Export Trade
After many years of experience with extraordinary 
burdens, suoh as internal taxation and export duties, the 
position of Chinese export trade in tung oil was improved to 
some extent with the removal of all export duties in Septem­
ber, 1946. During the war years, the export duty was 8 per 
sent ad valorem. Prior to that time, various local and 
export taxes were levied on tung oil.
China has carried on a limited export trade in tung 
oil with some of the European countries for many centuries. 
About the middle of the 19th century, when Industrial ex­
pansion was making considerable progress in Germany and 
England, the quantities exported to those countries began 
to increase. After World War I, an extensive tung oil 
trade developed between China and the United States.
Total exports of tung oil from China reached a peak 
of 286,553,580 pounds at the outbreak of the Slno-Japanese 
War in 1937, and declined to 2,271,800 pounds in 1948 and 
to even a lower figure during the next few years.14
Important quantity trends of tung oil exports from 
China since 1936 are indicated in the following table,
14 Wood, 0£. clt.. p. 54.
81
which gives tha total exports for the years indicated.












1943 2,871,500 7,518,6591946 77,470,360 22,497,2021947 177,188,060 40,739,7741948 167,893,780 16,651,648
Source: Chinese Maritime Customs leturns, 
££. olt., p. 53.
cited by Wood,
Expert Distribution
Not only the importance of each country as a con­
sumer of Chinese tung oil may be observed from a break* 
dean of export figures, but the changes in relative Impor­
tance may be observed as well. A distribution of exports 
by countries Is shown In Table IX.
Table II. Chinese Tung Oil Exports by Countries, Selected
Tears (1937-46)
Country 1937 1938 1946 1947 1948
United States 141,047,940 12,511,840 35,816,660 54,640,520 .76,511,920
Germany 9,418,420 3,,256,880 ---------— --------- 447,040 2,200France 8,173,220 2,374,900 1,112,320 1,025,200 44,220United Kingdon 8,102,160 4,,457,640 3,855,500 14,232,630 7.732,560Macaco 2,377,540 4,,393,620 447,920 53,900 3,244,120JapanNetherlands 1,642,740 122,760 1,776,720 1,837,0001,320,000 771,980 490,600 1,943,040 985,940Australia 1,202,520 127,600 4,400 390,940 11,000Italy 1,145,760 249,260 670,340 1,203,840 335,280Denmark 1,095,600 376,420 561,880 105,160 335,280Norway 1,069,640 65,780 542,960 1,133,000 — -Sweden 1,041,260 319,220 1,519,100 2,038,080 111,320Belgium 738,100 339,020 1,060,180 707,300 601,040Hong Kong 46,720,080 122,782,000 22,475,640 89,779,140 58,739,560Others 1,458,600 922,020 9,022,860 7,705,500 5,912,280
T o t a l 266,553,580 153,,070,940 77,580,360 177,182,060 167,403,720
Source: Chinese Maritime Customs Returns, cited by Wood, op. cit.f p» 55.
Today, tung oil is exported from China to many coun­
tries , Those oountries in which the greatest amount of in­
dustrial activity is found require the greatest amount of 
tung oil. The chief consuming countries are the United 
States, United Kingdom, Netherlands, and Japan. In normal 
times, the United States consumes well over half the total 
output.
gxport Duties on Tuna Oil
The first export duty on tung oil from China became 
effective in 1850. At that time, the duty was established 
at .50 haikwan taels per picul of tung oil. The haikwan 
tael was the monetary customs unit used in China during this 
period. The picul was a unit of measurement equal to 153*1/3 
pounds. No further change was made in the duty from 1858 to 
1929, when the duty was increased by 50 per cent through the 
levying of a surtax of one-half of the export duty. At that 
time, the official exchange rate between the currency of 
China and the United States dollar was .64 to 1. By rough 
calculation, the export duty in terms of United States cur­
rency in 1929 was about #3.88 per ton of 2,000 pounds, plus 
a surtax of #1.44 per ton.̂ -®
The duty was increased June 1, 1931, when a new duty 
of 1.60 haikwan taels per pioul was added. In terms of
IS conoannon, 0£. oit., p. 29.
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United States ourreney, the total export duty was about 
$19.68 per ton after the new duty went Into effect.
All export duties on tung oil were removed In Sep­
tember, 1946.
Prices of Chinese Tung Oil
The price of Chinese tung oil has fluctuated con­
siderably in recent years. In terms of United States cur­
rency, the prioe was about 17 cents per pound at Hankow in
1927, 6 cents in 1951, and 12 cents In 1936.
The price showed a marked increase at the beginning 
of both the Siao-Japanese War in 1937 and World War II. It 
was 81 cents a pound in October, 1939, and 24 cents in July, 
1940. The average price was 39 cents throughout 1946, 30.5 
cents in 1947, and 24.5 cents in 1948. I*7
There have been times during the postwar period when
Chinese quotations of tung oil prioes were higher than those 
in the United States, caused by changes in the exchange rate. 
As a result, foreign exporters were at a disadvantage and 
attempts were made to evade exchange controls. Exporters 
who were able to export from the British Colony of Hong Kong 
oould avoid losses through exchange rate changes by keeping 
their receipts in foreign currency, rather than converting 
them into Chinese currency at an unfavorable rate. During
16 Ibid’» P- 29.
17 wood, op. cit.. p. 52.
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1943 and 1947, maay exporters used this export channel to 
avoid some of the hardships caused by fluctuations ia exchange 
rates between Chinese and United States currencies» However, 
la 1943 this situation was corrected by means of an agreement 
between China and Hoag Kong providing that no tung oil could 
be exported from China through Hong long without a certifi- 
oate indicating that the foreign exchange received for the 
shipment had been converted into Chinese currency,
In 1943, the Ixport-Import Bank established an export 
price of 19 osnts per pound for tung oil f. o» b. Shanghai, 
in an effort to stabilize th® price.1®
Ibid., p. 33.
OKA ms* If
TH1 DEVELOPMENT OF TUNG OIL HI COUNTRIES OTHER THAN 
CHINA AND THE UNITED STATES
Efforts have been mad® at various times to introduce 
tang tree oulture into countries other than the United States 
and China. Th® British probably were the first to undertake 
to develop tung trees in other countries. In the latter 
part of the 19th century, seeds of the Aleurites fordil 
species were planted in British Guiana, Jamaica, Ceylon, and 
Dominica in experimental gardens* About the same time, the 
French experimented with plantings In French Xndo-Ohina and 
other colonies. Several years thereafter, the Germans made 
some plantings in the German colonies in Africa.
From this beginning, other producing areas have de­
veloped to some extent In Latin Ameflca, Africa, and Asia.
Production In Latin America
Drawing from the experiences with tung tree oulture 
in other countries, principally the United States and China, 
several of the Latin American countries have begun to ex­
periment with the possibilities of growing tung trees in that 
region and to produce a sufficient amount of tung oil for com­
mercial purposes in some areas. Experience has shown that the
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trees may be grown very successfully In Argentina, Braail, 
and Paraguay. Theae oountriea have been a© successful 
with tung treaa in recent year® that cultivated orchards 
are well established in those countries and tung oil is 
being produced in quantities sufficient to supply the re­
quirements within those countries.
About the time tung oil was being produced commer­
cially for the first time in the United State®, experimen­
tal farms were being developed in the Territory of the 
Missions in Argentina from seeds obtained from the United 
States.1
The first commercial planting in Argentina was 
made about 1939, when the Argentine Government placed restric­
tions on further development of yerba mate orchards. In that 
year, the first commercial grove was set out in the Province 
of Corrientes. Since that time, other producing areas have 
been developed in the Territory of the Missions and in other 
places in the Province of Corrientes, both situated In 
northeastern Argentina. The Aleurite® fordll species grows 
best in that area.2
In 1947, there were 10,500,000 tung trees under cul­
tivation in Argentina on an area of about 170,000 acres. In
1 Wood, op. olt., p. 57,
2 Gardner and Butler, o&. olt.. p. 35-39.
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th® following year, about 48,000 metric tons of nuts war® 
Harvested, from which approximately 5,000 metrio tons of 
ell were produced.3
At the present time, Argentina is able t© produce 
annually more tung oil than is needed for domestic pur- 
poses, its annual oonsuaptlon is about 500 metrio tons. 
Estimates plaee tung-oil exports for 1945 at 339 metrio 
tons and 1,469 tons in 1945. It is believed that most of 
the exports go to Great Britlan.4 
&S&1
The development of a tung oil industry in Braail 
has been the result of a general process. The first ex­
perimental planting was made there during the 1980's. By 
1950, there were about 100,000 tung trees of th® Aleurites 
fordil speeies In the State of Sao Paulo. By 1935, com- 
mereial plantings had extended Into the State of Parana.
By 1945, the estimated number of trees in the entire country 
had reaohed an estimated 3,840,000.5
The State of Parana, in which well over half the 
trees are located, Is the chief producing center. Its soil 
and climate appear to be more suitable for growing tung
3 Wood, &£. olt.. p. 59.
4 Ibid.. p. 58.
s Ibid., p. 59.
trees than any ether area In Brasil, the chief obstacle to 
further extension of the tung producing area Is the lack of 
a dormant period during the year which ie essential for 
healthy growth of tung trees and productIon of nuts.® How­
ever, greater output ean be expected as the groves develop 
late maturity, The majority of the trees still are too 
young for full production.
Total production of tung nuts amounted to 350 metric 
tons in 1942} 4,539, in 1946} 6,090, in 104?f and 7,000,
in 1946. Oil production amounted to 19 metric tons in 1942} 
291, in 1946} and 300 tons in 1946*7
Domestic consumption of tung oil amounts to approxi­
mately 100 metric tons annually, end the remainder of the 
output Is either exported or stored*
Most of the oil produced in Brazil is extracted by 
mechanical expeller presses similar to those in the United 
States. 
fojTMME
Experimental plantings of tung trees were made for 
the first time in Paraguay in 1929 from seeds imported from 
the tfnited States and China. Throughout the 1930’s, the 
producing area was extended into central and southeastern 
Paraguay. Most of the producing area is confined to the
® Gardner and Butler, olt*, p. 43. 
^ Wood, op» olt., p. 52.
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Tirana "River region of the southeast. The situation la 
Paraguay la similar to that is Brasilt. the orchards are 
relatively young and oil output can he expected to Increase 
very rapidly within the near future. This factor plus the 
feet that Paraguay exports its entire output indicates that 
oil from that country will be a reliable contender for a 
small portion of international trade in tung oil. Most of 
its oil currently is being sold in Europe. By 1947, there 
were about 8,000,000 tung trees of the Aleurites fordll 
species in Paraguay.3
In 1946, Paraguay production of tung oil amounted to 
208 metric tons, and 600 tons were produced in 1947. Annual 
production since 1940 is shown in the following table.®
Table 111. Paraguay Tun ' iction and Exports, 1940-46
Source: United States Embassy, oited by Edmund 0. Wood,














8 Ibid.. p. 59
9 Ibid.. p. 59
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It is expected that production will increase by 
about 30 per cent each year for the next few years as a 
result of the growth and development of the young orchard® 
in Paraguay* The lack of a good road system in that 
country hinders the development of the industry. The cost 
of transporting nuts to the expressing mills Is so high 
that the buyers are unable to pay the farmers a price 
sufficient to indues them to bring the entire crop to the 
mills and at the same time dispose of the oil in the world 
market in competition with other countries which oan pro­
duce it at less cost.
PRODUCTION IK AFRICA
Moderate development of tung oil industries have 
been observed in reeent years in certain regions in Africa. 
The principal producing areas are located in Madagascar, 
Belgian Congo, and the Union of South Africa. From the 
data available, it seems that tung nut production in 
Africa is of little importance.
Madagascar
Tung trees have been growing in Madagascar for a 
number of years, but widespread interest in developing the 
orchards into a profitable industry is of very recent ori­
gin. By 1947, there were 1,000,000 trees of the Aleurites
es
montana species growing la orcharda of various ages.10 
About one-half of the trees were of produolag age* The 
Aleurites fordll type may be grown successfully In the high 
altitude regions•
Oil produotloa was only 29 tons la 1948 and 80 tons 
la 1948. It Is estimated that annual produotloa will reach 
300 tons by 1950. Total produotloa is exported to France 
sad the trailed states.
gg.\gi.aa Og&fiSL
Experimental plantings of tung trees were made dur­
ing the early 1930*s. Some oommerolal plantations were es­
tablished la the Belgian Congo la 1936.
During the short period of two years, la 1945 and
1946, the number of aores of orchards in the Belgian Congo 
Increased from 1,800 to 3,000. Only BO tons of nuts were 
produced la 1946, which Indicates that the orchards are 
▼ery young. It is estimated that annual production of nuts 
will reach 1,000 tons by 19SO.I2 Because of climatic and 
soil conditions, the producing area seems to be confined to 
low altitude regions away from the central equatorial belts. 
Bren though only 3,700 pounds of tung oil were exported in
1947, it is estimated that exports will reach from 30 to 100
1° Ibid.. p. 61.
11 Ibid.. p. 82.
12 Ibid.. p. 62.
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tons by 1®50. Lao* of adequate mill facilities and high 
transportation costs oonatltutc outstanding obstacles to fur­
ther development at the present time.*® 
ggloa of South Africa
Initial plantings of tung trees were made in the 
Union of South Afrloa as early as 1933, when seeds were Im­
ported for experimentation. By 1941, there were approxi­
mately 60,000 trees planted in groves of about 2,000 trees 
each. It is estimated that there were about 500,000 trees 
in the Union of South Afrloa in 194?, most of whioh were of 
the Aleurites montana species.*4 The total production, how­
ever, is not sufficient for domestic purposes. Instead, the 
Union imports around SO tons annually.
India
Bxperimental plantings of tung trees were made in 
India in 1928 for the first time.*5 Additional plantings of 
the Aleurites aontana species were mad© In 1934 and 1940.
By 1945, the orchards had begun to produce nuts for 
commercial purposes. The oil output for that year was 76 
long tons. Annual domestic consumption is estimated at 
approximately 250 tons. India imported about 220 long tons
15 Ibid.. p. 62.
U  Ibid.. p. 68.




Japan Is a eonsu?ner of tung oil as wall as a producer. 
Sven before World War II, tung oil was imported annually from 
China to meet domestic requirements. Imports from China 
dropped from 468 metric tons In 1940 to 60 tons in 1945. 
Domestic consumption was 860 metric tons in 1945. Production 
also deollned during the war. Production was 859 metric tons 
in 1940; 894, In 1944; 800, in 1945; and 870, In 1946.
Two different speoles of tung trees are found in 
Japan. The Aleurites oordata Is native to Japan and it has 
been growing there for a long time. The Al&jjy&tga XftgfiU 
was imported from China about 1900. By 1945, there were 
9,750 acres of the cordate species under cultivation; while 
8,850 acres were planted in the fordll speoles.
Australia I®
Considerable quantities of tung oil are produced 
annually in Australia, but the domestic demand for the oil la 
greater than the quantities produced. 66,609 pounds of oil 
were produced in 1945; while the output dropped to 17,448 
pounds in 1946, on account of war conditions. For 1947,
16 Wood, op. olt.. p. 64.
17 Ibid., P* 68.
18 Ibid.. p. 85.
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domestic consumption was approximately 1,300,000 pounds. 19 
The domestic markets are able to consume considerably more 
than the local industry can produce. Imports come in 
annually from China.
Experimental plantings of the ford 11 species were 
made as early as 1910. From this beginning, commercial 
orchards have been developed in the coastal region from 
Sidney northward to Rockhampton. In a publication of the 
Technological Museum of Sidney, Australia, it was stated 
that "prior to 1928 experimental cultivation of tung oil 
trees in Australia had produced oil of at least equivalent 
quality to that Imported from Chins, ... and that estab­
lishment of the Industry in that country Is thoroughly 
warranted." 20
By 1946, there were about 1,000 acres planted in 
Australia. 21 It ia believed that the industry will continue 
to expand because of the favorable domestic demand.
Russia
Since 1922, when serious attention first was given 
to the development of a domestic tung oil Industry under the 
first Five Year Plan in Russia, extensive plantings have been
19 Ibid., p. 88.
20 Gardner and Butler, op. olt., p. 33.
Wood, op. cit♦. p. 86.
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made in the Blaok Sea Coastal area. 22 By 1946, it is es­
timated that approximately 41,000 acres were planted in 
both the ford11 and cordate speoles. 23
Production figures are unavailable, but It is be­
lieved that the total amount produced plus Imports from 
China are consumed domestically.
22 Ibid.. p. 44.
S3 Wood, 0£. olt., p. 67.
CHAPTER V
CHARACTERISTICS AND USES OF TONS Oil
Tung oil is only one of the many oils used by manu­
facturers in the preparation of compounds which require 
good drying qualities. The extent to which manufacturers 
demand tung oil as a raw material depends, to a great extent, 
upon the quality of its physical and chemical properties.
The primary characteristics and principal uses of the oil 
are bound inseparably together, as one oan hardly be considered 
without the other.
Physical Characteristics
In its natural state, tung oil is a colorless mate­
rial neutral in reaction and low in acid content. 1 The 
preservation of the oil's natural qualities requires care 
and caution in the handling of the nuts and In the pro­
cessing and the storing of the oil. The oil has a high vis­
cosity and will thicken upon exposure to light without good 
ventilation.
The most valuable features of tung oil are (1) the 
manner and rapidity in which it dries and (2) the durability 
of the film which It forms upon drying. Some of its
1 McKinney, op,, olt.. p. S.
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characteristics are indicated in the quotation below,
"It dries even more quickly then linseed oil but, 
unless subjected to special treatment, is Inferior 
to it for paint because of the opacity and inelas­
ticity of the film. In the manufacture of var­
nishes and enamel paints, however, it is superior 
to linseed oil. When heated and treated with rosin 
it gives a varnish that is waterproof, wears longer 
than ordinary varnishes, and does not turn white.” •
USES OF TUNC OIL
Tung oil has gained a prominent place in industry as 
a raw material in the preparation of coating and finishing 
products suoh as varnishes, paints, and enamels. It is an 
important ingredient of suoh other products as printing inks, 
linoleum, paint driers, synthetic resins, and polishing and 
grinding compounds. It has contributed to the quality and 
efficiency of these products in their diversified uses. It 
has improved industrial finishes in electrical equipment, 
construction, automobiles, textile goods, and specialised 
Inks.
The traditional use of tung oil in the United States 
has been as an ingredient in the manufacture of high-grade 
varnishes. Spar varnish, whioh is prepared from tung oil 
and phenolic resins, is reported to be superior to the older
2 Philip 0. Wright, p a  TarjLfjf M f e i  M i  Sffletable 
Oils, (New Torki The Macmillan Company, 1988), 
p. "14-85.
type of varnish made from linseed oil and fossil gums.
Spar varnish dries quickly into a durable and waterproof 
film.
The paint and varnish Industry of the United States 
consumed 93,294,000 pounds of tung oil in 1948, out of a 
total of ISO,872,000 pounds consumed during the same 
period. 3 Thus, the one Industry consumed about 76 per 
sent of the total amount of tung oil consumed. Some of 
the other industrial consumers are linoleum and oilcloth, 
printing.ink, textile, wallboard and paper products, and 
eleetrioal equipment manufacturers.
Paint and Varnish
Tung oil first made Its appearance in the varnish 
industry as a flux for some of the hard gums which were 
difficult to fuse without loss of color. Xt was found 
later that in combination with rosin a varnish having bet­
ter resistant and waterproof properties than the older 
type made from linseed oil and fossil gums could be pro- 
duced.
The growing demand for quick-drying finishes to 
speed, up commercial operation and maintenance jobs like­
wise has strengthened the demand for tung oil. Xt is now 
recognized as an essential part of industrial varnishes
3 Tats and Oils. Bureau of the Census, United 
States Department of Commerce, (Series M17-1-08, March 82, 
1950), p. 23.
for both general and specialized uses, and It is gaining In 
importance for enamels and certain paints. The use of syn- 
thetic guas in varnish formation has contributed to the use­
fulness of the oil for that purpose.
The manufacture of specialised Industrial varnishes 
constitutes a very important outlet for tung oil. Because 
of its superior quality as a coating material, it appears 
to be more desirable for this purpose than the other drying 
oils. Some of the uses of special-type varnish are litho­
graphic printing on metal surfaces, coating the interior of 
metal containers, aviation finishes, and insulating elec­
trical equipment,
Tung oil Is used as a drying agent in the prepara­
tion of printing ink and specialised drawing ink. In 1943, 
the printing Ink industry consumed 1,436,000 pounds, repre­
senting lees than 1 per cent of the total amount con­
sumed. * This particular market practically disappeared 
during the war years when tung oil was a scarce commodity 
and the limited quantity was applied to more profitable 
uses. This industry, in 1944, used only 87,000 pounds, 5 
which indicated that the printing ink business was approaching
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the position of a submerging! consumer.
MaaMim sM mslasii
Manufacturers use drying oils as a raw material in 
linoleum, oilcloth, and various types of floor mats. It 
Is used in conjunction with cork or powdered wood and a 
coloring pigment. Tung oil is useful in products of this 
type in which flexibility la not a desirable quality.
These industries consumed 8,943,000 pounds of tung oil In 
1948.6
Tinware end Llthographlo ggjallftg.
The rather extensive use of tin containers for 
canned foodstuffs, cigarettes, apices, medicines, and bev­
erages has brought about an expansion of lithographic 
printing. As a protective ooating for the printed inscrip­
tion or design, varnish is applied either directly to the 
metal base or as a finished coat over the printed inscrip­
tion. High grade varnishes having a strong adhesion to 
metals and capable of producing a very durable film are 
required for this hind of work.
Aircraft iflduatiy.
Tarnish made from tung oil has found a relatively 
new market outlet as a protective ooating for the surfaces 
of planes exposed to the elements. Tung oil 1® particu­
larly useful for this purpose because of its light weight
7Z
and ability to stick to metal surfaces. Paint has proved to 
be too heavy for practical use. During World War II, tung oil 
found wide application as an important constituent of products 
being used for coating metal aircrafts and parts.
Yaghish
Tung oil is employed in the electrical industry as 
an ingredient in insulating varnishes. Tung-oil varnishes 
are particularly adapted to electrical uses, because they are 
more resistant to water and oil and produce a firmer and fas­
ter drying film than most other materials. The polymeriza­
tion process by which the oil dries makes it highly desirable 
In the electrical manufacturing industry. Xt is not readily 
affected by high-tension electrical fields; whereas other 
materials which dry by oxidation tend to disintegrate slowly 
in the presence of high-tension fields and lose their insu­
lating qualities.
Some of the specific applications of this type of 
varnish in the electrical Industry include insulating metal 
surfaces, plates, and wire; ooating cloth and tapes which 
go into the building of cables; Insulating the metal parts 
of armatures for electric motors end generators, and in­
sulating wires used in building actuating colls, transform­
ers, electric generator and motor field ooils.
Paint Drier
Tung oil is used in the formation of paint driers 
employed to speed up drying time of paints and varnishes.
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The driers are usually metallic soaps with drying oil as an 
organic base. Cobalt is regarded as one of the most effi­
cient and satisfactory metallic bases. Others are iron, 
manganese, copper, lead, and nine.
MSSl £M &2SH&
Very high-grade enamels may be prepared by combin­
ing a good type of pigment for coloring purposes with either 
rosin or a high quality synthetic resin and by using tung 
oil as a solvent.
Tung oil has not made the progress in the field of 
lacquers that its special characteristics would see® to in­
dicate. The development of lacquers has tended to curtail 
the use of tung oil in certain fields. However, the oil 
has been able to make some progress along with other ma­
terials in the preparation of lacquers. In metal finish­
ing, auto body work, and other uses, tung oil has been used 
as a plastioizer, and in priming coats on copper and alumi­
num.
Some of the special-purpose paints in which tung oil 
is used ere aluminum, asphalt, ship, and traffic paints, as 
well as paints used foz ooating concrete, steel, and wood 
where good waterproof qualities are desired such as dams, 
piers, looks, and swimming pools. 
m i l  Board and gaper grMMtfi.
In the preparation of ooatings for paper bags and 
containers and in the preparation of material for the
n
impregnation of wall board, tung oil is used as an ingre­
dient. Its ability to resist moisture and acids adds to the 
usefulness and value of those products.
Textile Industry
Tung oil is used in the preparation of protective 
coatings for textile goods where a durable and waterproof 
ooating is desired, Considerable quantities are used in the 
manufacture of oilcloth, floor covering, and artificial lea­
ther. A good grade of linoleum may be made by combining 
tung oil with linseed oil. Solidified linseed oil provides 
body and flexibility; while tung oil imparts durable and 
waterproof qualities.
As a waterproofing agent for textiles, tung oil is 
used in bagging and packing cloth, tents, awnings, tarpau­
lins, raincoats, and automobile seat oovers. It is used in 
combination with asbestos and ootton in the manufacture of 
automobile brake linings.
Other Uses
The use of tung oil by steel manufacturers consti­
tutes an important market outlet which appears to be increas­
ing in importance. Drying oils known as "core” oils are 
used by the steel industry to temper steel. During the first 
six months of 1949, the steel manufacturers, using 625,000 
pounds of tung oil for this purpose, ranked third as a 
market outlet. ?
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Factory consumption of tung oil depends upon the re­
lationship between the supply of oil available and its price 
and the business activity of the consuming industries. Dur­
ing the war period, factory and warehouse stocks were plaoed 
under government control and made available for war purposes 
only.
After the war, consumption increased to the pre-war 
level because of an increase in available supply and in busi­
ness activity of the consuming Industries.
The following table shows the factory consumption and 
warehouse stocks for the years indicated.
Table IV. Domestic Consumption and Stocks of Tung Oil, 1937-48
(In Founds)
tear factory Consumption Factory and Warehouse Stocks,
December 31.
1937 120,378,145 48,656,000
1938 87,415,064 61,189,0001939 90,780,000 31,400,000
1940 59,057,000 57,093,0001941 54,008,000 38,809,0001942 11,830,000 31,631,0001943 18,047,000 87,067,000
1944 10.109.000
21.569.000 80,803,0001945 6,514,0001946 28,962,000 16,847,0001947 83,359,000 37,777,0001948 120,278,000 47,145,0001949 100,353,000 18,199,000
Sources Bureau of Census, Department of Commerce.
n
A distribution of consumption of tung oil by indus­
tries la shown la the table below;
\'\
















1937 180,378 105,731 7,198 8,768 4,6871938 87,415 78,310 4,131 8,084 2,8901939 90,780 88,307 3,763 8,105 2,5451940 59,057 54,611 2,064 1,728 6541941 64,008 48,885 1,896 2,960 3271942 11,830 10,896 88 855 5971943 18,047 9,667 see 17 8,3631944 10,109 8,084 see 27 1,9981943 81,569 16,939 2,337 156 8,1341946 28,968 85,458 104 581 2,8761947 88,359 68,968 5,254 1*397 12,7801948 180,878 92,894 8,943 1,426 18,1941949 100,853 @0,155 10,876 . . .  1 10,422
1. Mot computed separately in Census Reports»
Sources Fats and Oils, Bureau of the Census, United States 
Department of Commerce.
Tung oil consumption prior to World War II was at the 
highest level in 1937, when 120,378,000 pounds were consumed. 
The paint and varnish industry consumed 87.9$; linoleum and 
oilcloth, 6$; printing inks, 8.3$; and miscellaneous pro­
ducts, 3.8$. By 1943, the distribution had changed to some 
extent. Only 12,047,000 pounds were consumed and, of this 
amount, the paint and varnish industry consumed 80.3$; lin­
oleum and oilcloth, less than .5$; printing inks, less
77
than ,3$5 ana miscellaneous products, 19.6#. It appears 
that the use of tung oil la the manufacture of unclassified 
products was making some progress by this time* It® us® la 
the manufacture of linoleum and oilcloth and printing inks 
had been reduced to practically nothing, and Its relative 
use In the paints and varnish Industry was less than in 
previous years. The increase in the relative Importance of 
tung oil In the manufacture of miscellaneous products pro­
bably la accounted for by greater quantities being consumed 
as a sealing compound by munitIona industries and the manu­
facturers of textile goods for the armed forces.
Total consumption of tung oil in the United States 
in 1949 was less than in 193?. Only 100,883,000 pounds 
were consumed. Of this amount, the paint and varnish manu­
facturers consumed 79.8#} linoleum and oilcloth, 10.8#; 
and miscellaneous products, 10.3#. The amount used In 
printing inks is included in miscellaneous products.
CHAPTER VI
PROMOTION AND CONSUMPTION OP DRYING OILS 
IN THE UNITED STATES
The relative importance of tung oil as an article 
of commerce in the United States may be shown by a con­
sideration of the availability and utilization of all the 
oila with which tung oil must compete* The raw materials 
from which some oila are obtained are produced end pro­
cessed in the United States, some are produced and pro­
cessed abroad while the oil is imported for consumption, 
and others are produced abroad and imported into the United 
States for processing and consumption. Availability of 
drying oils obtained from raw materials produced and pro­
cessed in the United States is shown by production figures 
for each oil obtained from such raw materials. Availa­
bility of oils obtained from raw materials produced abroad 
and processed both in the United States and countries of 
origin is shown by production figures of the United States 
plus quantities imported. Net import figures alone serve 
to reveal the availability of oils produced and processed 
outside of the United States. Production and import 
figures are shown for those oils obtained from raw mate­




Other factors useful In showing the relative im­
portance of tung oil are (l) comparative prices, (8) 
tariff status of competing oils, (3) government price 
support programs, and (4} consumption of the most impor­
tant drying oils. The consumption figures shown In the 
following are estimated Quantities consumed for drying- 
oil purposes alone.
£h& AT»ll»M.llty of Crying Oils £&& M I SS, SISSSB.
The following treatment include® a statistical 
presentation of production and imports, if any, of drying 
oila used in the United States, plus a brief statement In 
regard to the properties, uses, and importance in domes­
tic trade of each type of oil. This section include® tung 
oil, linseed oil, soybean oil, castor oil, oitioica oil, 
perllla oil, and fish oil.
Tung Oil
The availability of tung oil for consumption in 
the United States is shown in Table 71, which follows.
Some of the oil is imported from foreign countries and 
some of it is produced in the United Statesj therefor®, 
Import and production figures are given.
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1933 107,4561939 78,718 3,0001940 97,049 621941 43,800 3,533
194S 8,239 2,2901943 68 8,3101944 1,771 2,8581945 339 10,353
1943 36,207 11,0461947 121,364 12,6801943 133,284 (1) 16,837 (2)1949 74,968 (1) 20,020 (2)
Source} Agricultural Statistics - 1948. United States De­
partment of Agriculture, Washington, B. 0.,
United States Government Printing Office, 1949, 
p. 156.
(1). United States Imports of Merchandise for 
Consumption, Commodity by Country of Origin, 
Bureau of the Census, Department of Commerce, 
April, 1930, p. 39.
(2). Facts for Industry. Fats and Oils, Bureau 
of the Census, United States Department of 
Commerce.
It appears that the quantities of imported oil de­
creased considerably with the development of political and 
military disturbances in China. The decrease had become 
quite noticeable by 1941 and was reduced to only 36,000 
pounds for 1943. By 1947, imports were back to the pre-war 
level, having increased very rapidly after the end of the
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war la 1948. Political aad military disturbances ware the 
causes of the decrease in imports, as the prloe of tung 
oil in the United states was unusually high during the war. 
When quantities imported were decreasing, the price was 
rising or was at the government price celling of 39 cents 
per pound. When quantities imported were increasing after 
the end of World War XX, the prloe of tung oil was de­
creasing.
There appears to have been no increase in the 
trend of production of tung oil in the United States until 
1948 j yet the prloe of tung oil was higher than it had 
been in previous years. Apparently, tung producers planted 
more trees when the price of tung oil was high in 1941 and 
1942, and output did not increase until the end of the re­
quired gestation period of about three years for tung trees. 
Greater production of tung oil in the United States and an 
increase in imports, beginning about 1946, resulted in 
greater quantities of oil available in 194? and 1948 than 
in 1938. quantities available in 1941 and 1946 were about 
equal.
Some of the economic forces affecting the price of 
tung oil from about 1938 to 1949 are indicated in the 
following quotation.
"Wefleoting curtailed imports of tung oil 
from China and increasing industrial activity 
in the United States, the price of tung oil 
rose rapidly from 1938 to early 1948, when the 
wartime price ceiling was reached. After the
@3
war Imports of tung oil recovered and the 
pries declined. Declining industrial ac­
tivity in 1949 and a substantial reduction 
in linseed oil prices In tbs letter pert of 
the year will tend to depress the price of 
tung oil, But reduced imports of tung oil 
will tend to have an opposite effect.'5 1
M iie e d  o y .
The quantities of linseed oil produced in the United 
States and imported for consumption annually since 1938 are 
shown in the table below.















1948 168,351 485,3541947 13,796 595,1371948 3,959 (1) 786,034 (1)1949 1,398 (1) 744,603 (1)
Source: Agricultural Statistics - 1948. United States Depart­
ment of Agriculture, Washington, B. 0,, United States Government Printing Office, 1949, p. 143.
yaets for Industry. Fats and Oils, Bureau of the 
Census, United States Department of Commerce.
1 The Fats and Oils Situation. Bereau of Agricultu­
ral Economics, United States Department of Agriculture, (May, 
1949), p. 1.
©3
Greater quantities of linseed oil were available 
for consumption in the United States during the war-period, 
from about 1941 to 1945, than during previous years. In 
contrast to the availability of tung oil, both production 
and Imports of linseed oil were high during World War II. 
This Increase in linseed oil Imports was brought about on 
account of the stopping of the shipment of flaxseed from 
Argentina to the United States. The Argentine Government 
insisted upon processing its own flaxseed output in that 
country and shipping the oil in International trade. It 
appears that the prloe of linseed oil was responsible for 
the increase in production from 1940 te 1943. The aterage 
annual price was 9.7 cents in 1940 and 15.5 cents per 
pound in 1943 (see Table X?}. It is probable that as tung 
oil became scarce and the prloe increased, consumers pur* 
chased less tung oil and greater quantities of linseed oil. 
An increase in the demand for linseed oil caused the price 
to increase, and a higher prloe brought forth greater pro­
duction and Imports. Foreign sources of linseed oil were 
not affected by the war as much as foreign sources of tung 
oil. Argentina and Canada are the principal sources of 
linseed oil imports, and the greatest portion of tung oil 
Imports come from China. Transportation facilities be­
tween the United States and Argentina were not disrupted by 
the war as much as they were between the United States and 
China. Consequently, linseed oil Imports increased, while
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tung oil import# decreased. Quantities of linseed oil avail­
able in the United State# began to decreeae after 1948 and 
reached the lowest point in 1947, when the average annual 
price was 34,3 cents per pound. The total amount was lew In 
1947 and the price was higher than it had been in previous 
years, reflecting the effect of the government support pro­
gram upon the price of linseed oil. The 1947 flax crop was 
supported at #6.00 per bushel.2 
§2Z52&& 02JL
The table below shows the quantities of soybean oil 
produced in the United States and the quantities exported for 
the years indicated.
Table VIII. United States Production and Exports 
of Soybean Oil, 1938-1949
lOfiQ-gMUBflffJ.
Tear Production Exports
1938 416,111 7,148ms mm1941 706,678 20,583
1942 1,206,166 44,1011943 1,219,453 58,737
1944 1,346,704 67,184
1945 1,414,718 73,923
1946 1,531,096 91,4331947 1,532,667 118,1161948 1,604,324 (1) 83,038 (1)1949 1,859,066 {1) 118,680 (1)
Souroe: Agricultural Statletloe - 1948. United States De-fartment of Agriculture, Washington, B.C., United tates Government Printing Office, 1949, p. 135.
(1). Facts for Industry, Fats and Oils, Bureau of 
the Census, United States Department of Commerce.
8 Ibid.. May, 1949, p. 8.
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The production of soybean oil in the United States 
in reoent years preseata an interesting picture. First of 
all, it is the only one of the vegetable oils considered 
up to this point which has a volume of domestla production 
sufficient for export. Production has been increasing at 
a steady rate during the past few years. The very existence 
of suoh large quantities of the oil would offer serious 
competition to the other drying oils if it could he sub- 
stituted readily for other drying oils in the manufacturing 
process. It can not he used for a drying oil in any satis­
factory way without special preparations. It must be 
broken down into its constituent parts and rebuilt accord­
ing to an established formula before it can be used as a 
good drying oil. This process Is known as fractionation* 
and is the result of wartime research. However, in spite of 
the contributions of research, the oil appears to be most 
useful in the manufacture of goods which do not require 
drying reaotlons. Only 168,158,000 pounds were used for 
drying oil purposes in 1946 out of a total of 1,604,384,000 
pounds available for consumption.
Castor Oil
The beans from which castor oil is extracted are ob­
tained from the castor oil plant which grows In many of the
tropical regions. The chief producing countries are Brazil
and India. The beans are not grown commercially in the 
United States. Oastor beans are imported into the United
©e
States sad the oil Is extracted fro® the beans In this coun­
try. Also, oastor oil is imported. The availability &f 
easier oil for consumption in the United States is indicated 
by the quantities produoed from Imported beans and the quan­
tities of oil imported. Production and import figures since 
1948 are shown in the table below.
Table IX. United states factory Production and Imports 
of Oastor Oil, 1948-1949
(00Q foundj ).
Tear Factory Production 






194? 117,169 3,084 (8)
1948 136,036 8,441 (3)
1949 183,456 10,613 (8)
Source: facts for Industry. Fats and Oils, Bureau of the
Census, United States Department of Commerce.
U>* Agricultural Statistics -194S, United States 
Department of Agriculture, was tftrrgt on, D. C., 
United States Government Printing Office, 1949, 
p. 434.
(2). United Statga Iaear&s &£ tM. £a&~
sumption. Commodity by Country fll O g Uln. Bureau 
of Census, Department of Commerce, April, 1950, 
p. 39.
Oltloloa Oil
Oitioioa oil is not produced in the United States, 
It is expressed from the seeds of the lioanla rag.lda tree
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which grows in Brazil. Its availability for consumption in 
the United States may be indicated fey import figures which 
are shown in the table below.










194? 8,471 (1)1943 17,558 (1)
1949 8,940 (1)
Souree: Wood, Sdmund C., Tung - & IfiE M m U m  I M M U X »
United States Department of Commerce, Office of 
Domestic Oommeroe, United States Government Print­
ing Office, Washington, D. 0., p. 39*
U). srama sl ax 3^ SaltoAStates, Bureau of the Census, Department of 
Commerce, Washington, B. 0,, p. 39.
Perilla Oil
Perilla oil is obtained from the seeds of a plant 
which grows in China, Japan, and Manchuria. It is a good 
drying oil and may fee used as a substitute for tung oil 
for some purposes* However, it is not as adaptable to gen­
eral usage as some of the other drying oils, because It
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forma an unusually bard film and a groat amount of ®ur- 
faoa tension when used in the raw state,3 Beat treat­
ments tend to reduce the surface tension and to give the 
oil the quality of forming a very hard and glossy film.4 
for the above reasons, perilla oil is most valuable as a 
raw material in the preparation of hard-surfaced enamels, 
though it la undesirable in the manufacture of paints 
and ordinary varnishes,
Perilla ©11 Is not likely to offer serious compe­
tition to other drying oils In the United States at the 
present time beoause of uncertainties and difficulties 
of production. Manohuria has been the principal source 
of the world's supply of the oil, but farther production 
there has been disrupted in a serious way because of 
unsettled political conditions. 3 Imports into the 
United States amounted to about 50,000,000 pounds an­
nually from 1934 to 1938. Imports since that time are 
shown in the following table.
3 Wood, 0£. oit.. p. 40.
* Ibid.. p. 40.
8 Ibid.. p. 41.
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Table XX* United States Imports of Perilla Oil, 
1938-1949













Source: Agricultural Statistics. 1948. United States De­
partment of Agriculture, Washington, 3>« C«,
United States Oovernment Printing Office, 1949, 
p. 484.
Fish Oils
Of all the drying oils, fish oil is the only one 
which is not of a vegetable origin. It is obtained from 
several varieties of fish. Among the most Important oils 
of this type are those obtained from the herring, sardine, 
and the menhaden. "The most important of domestic fish 
oils Is menhaden oil. This oil Is extracted from the men­
haden or pogy, a fish found only in the waters off the At­
lantic coast of the United States, and hence its manufac­
ture is purely a domestic Industry." 6 As a drying oil it
® Wright, ojd. oil,.. p. 67-68.
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occupies a position similar to that of soybean oil. la 
1948, the ao®p Industry consumed 35,478,000 pounds of 
fish oil, while the paint and varnish Industry consumed 
only 27,216,000 pound#.7
Industrial research has contributed much to the 
improvement of fish oil In recent years. A new fractio­
nation process used in processing soybean oil, may be 
used to improve the quality of fish oil. The oil is sep­
arated by this process into Its fatty sold parts which are 
separated further Into fractions by a process of distilla­
tion.® When the fractions are treated with glycerol, a 
very rapidly drying material is produced.9 Fish oil make® 
a fairly good substitute for tung oil in the manufacture 
of some products, such as linoleum, oilcloth, and printing 
ink.
Production of fish oil in the United States since 
1941 is shown in the table which follows;
* Facts for Industry. Fats and Oils, Bureau of 
the Census, UniteT*States Department of Commerce.
® Wood, 0£. clt.. p. 39.
9 Ibid.. p. 39.
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Table XII* United States Production of fish Oils, 
1941-1947
___________________ U.QPQPounds) _________________ _




























Source; Fish and Wildlife Service, Department of Interior, 
elted by Sdmund 0. Wood, 0£. olt.. p. 39.
United States Government IzlM. SuPMgl lax telM. Oils
The availability of linseed, soybean, and tuag oils 
in the United States has been affected to sense extent by 
the price support program of the Federal Coveraraent. The 
procedure by which the government endeavors to support the 
price of a commodity is to enter into an option contract, 
through the Commodity Credit Corporation, with the producer 
whereby the producer may sell the commodity to the Commo­
dity Credit Corporation at a price representing a specified 
percentage of the market price during a base period* The 
price is established by the Secretary of Agriculture after 
an investigation has been conducted by the Production Mar­
keting Administration. The price established In this man­
ner is known as the "support prloe" and it seeks to main­
tain a minimum prioe for individual commodities at a spe­
cified percentage of the general price level.
m
In soma oases, the Commodity Credit Corporation 
agrees to purchase the agricultural product from which the 
oil la obtained from the producer at the support price*
In other eases* it agrees to purchase the ©11 from the 
processor who purohases the oil-containing product from the 
producer at the established price*
Tunic Oil
At the present time, the support price for tung 
oil is 84.1 cents per pound and for tung nuts* #40 per ton.
"Nearly 11.8 million pounds of tung oil 
from the 1040 crop of tung nuts were placed 
under purchase agreements with CGC. This 
accounts for a little more than half of the 
estimated total production of 81 million 
pounds of oil from the 1940 tung-nut crop.
The support for the nuts is 60 dollars per 
ton and that for the oil is 84.1 cents per 
pound, f.o.b., shipping point. Prices of 
domestic tung oil, f.o.b., mill, from Decem­
ber through early April were quoted mostly 
between 86.5 and 26.5 cents per pound." 10
The period during which producers could place tung 
nuts under purchase agreements with the Commodity Credit 
Corporation expired March 51, 1950.11 Producers ore re­
quired to notify their Production Marketing Administration 
oounty committees of their intention to deliver tung oil
10 Tata and Oils Situation. Bureau of Agricultural 
Economics, $nited Statea Department of Agriculture, April, 
1950, p. 18-13.
11 Ibid.. P. 13.
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under purchase agreements to the Commodity Credit Corpora­
tion by September 30, 1950. 12 
Linseed Oil
The ourrent government support price for flaxseed 
from which linseed oil is obtained is about $4 per bushel.
"It mas announded in late October that the 
price of flaxseed produced in 1948 would be 
supported at not less than 90 per cent of 
parity price on July 1, 1949. Ninety per cent 
of the parity prioe of flaxseed in aid-Deoem- 
bar 1948 was #3.78 per bushel. This is equiv­
alent to about #4.00 per bushel, Minneapolis 
basis, compared with the present support of 
#6.00 per bushel, Minneapolis.** 13
The support prioe of #6.00 per bushel for flaxseed in 1947 
and 1948 was the equivalent of 88.7 cents per pound for lin­
seed oil.14
The effect of the government's support program on 
the availability of flaxseed in the United States may be 
shown by a record of aores of flax harvested, production, 
and average annual prioe. Those items are shown In the 
following table for the years 193© through 1947.
12 Ibid.. p. 13
13 Ibid., January, 1949, p. 13. 
U  Ibid.. May, 1949, p. 8.
n
Table XIII. United States Production, Aoreage, sod 
Average Annual Price of Flaxseed, 1938-194?
Acreage Average annual
harvested Production price
Tear 1.000 aores .1.000 bushels ....Dollars.
1936 90S 6,032 1.59
1939 2,1?1 19,606 1,46
1940 3,182 30,924 1,421941 3,266 32,133 1.791942 4,40© 40,9?6 2.361943 5,991 50,009 2,63
1944 2,510 21,663 8.91
1943 3,?88 34,557 2.691949 8,432 22,585 4.04
194? 4,026 39,763 6.10
Seuroe: Agricultural Statistics - 1948. United States De-
parttaent ofAgrloulture, Washing ton, B. 0., United 
States Government Printing Office, 1949, p. 13©.
Import Duties on Drying Oils 
The question of a tariff on tung oil Imports has 
been of considerable importance to those associated with the 
industry since its beginning on a commercial basis in 1932. 
Interest in and agitation for a tariff was intensified when 
tung oil imports increased very rapidly la 1944 and 194? and 
the price decreased from about 39 cents to as low as 1? cents 
per pound. In spite of the interest of tung growers in a 
tariff on the commodity which they produce, no such tariff 
has been erected up to the present time. For completeness 
and thoroughness of analysis, therefore, It seems appropriate
to give consideration to the probable effect of a tariff on 
the prioe of tung oil if such were enacted.
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The tariff status of the principal drying oils ia 
shown in the table below, whioh table shows the duties estab­
lished by the Acts of 103Q, 194B, and 1948. Some oil-bearing 
seeds which are imported are Included in the H at of commodi­
ties. In addition to the tariff, an excise tax is levied on 
seme of the commodities to be oolleoted at the time the seeds 
are sold to owners of orushing mills or, in the ease of oils, 
at the time they are purchased by manufacturers for process­
ing.
Table XI?. Import Duties on Principal Drying Oils, 





Act of 1949 
Sxoise 
Tax
Act Of 1948 
Ixoise 
Tax
Mehhaden Oil 50 gal or 
0.97# 30# 90# 30# 30# i M
Soybean Oil si* I None 3 *# None 30 or not less 
than 22
Linseed Oil 4*0 # None 4*0# None None
Flaxseed Oil 950 bu. None s s y  bu. None m y  bu.
Tung Oil Free None Free None Free None
Perilla Oil Free None Free 4 M Free 4*0#
Perilla Seed Free None Free 11.38# Free 11.38
Oltieica Oil Free None Free None Free None
Oastor Oil 3 * # None 30# None M None
Castor Beans Free None Free None k4§ None
Source s Summaries of Tariff Inforgatlaa, g l Mwilted states Tariff Commission, TOTT I,Fitsand 
Oils, Including Essential Oils and Perfume Mate­
rials, Washington, D. C., 1948, p. 8.
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Currently, there la a tariff on linseed, soybean, eas- 
tor, and menhaden oils; and tung, perilla, and oitlciea oils 
ar# on the free list. It might appear at first that this sit­
uation gives the protected oils a competitive advantage over 
those on the free list, but judgment should be postponed until 
additional fasts are presented*
Thera is an exportable surplus of soybean oil and the 
quantity of linseed oil being Imported into the United States 
is negligible* Oastor oil is not produced in the United 
States in oommerelal quantities, and menhaden oil is produced 
in the United States only* It is obvious that an Import duty 
has no effeot upon those oils uhioh are not available for im­
ports. Domestie production of soybean oil is sufficient for 
domestic needs plus some for export*
Domestic producers undoubtedly would like for a tariff 
on tung oil to be enaeted sufficient to exclude the highest 
cost foreign producers and thereby reduce supply and increase 
the price. From the standpoint of public policy, the purpose 
of such a tariff would be to increase the price of tung oil
(1) in order to stimulate further development of the industry 
in the United States and (S) to Increase the Income of tung 
oil producers through governmental policy.
What would be the probable effeot of a tariff on the 
price of tung oil? The effeot of a tariff upon the price of a 
product depends upon the extent to whioh the product is being 
Imported and the extent to which other goods may be used as a
9?
substitute for the produet upon whioh a tariff is placed. A 
tariff has very little effeot upon the prioe of a good for 
whioh there la an export balance at the time of the enact­
ment of the tariff. A tariff has a great effect upon the 
prlee of a good for whioh there is an import balance at the 
time of enactment and substitutes are not available. When a 
tariff la placed upon a product which la being imported and 
produced in the United States, it increases the prioe of the 
prodact and encourages the development of the industry within 
the United States. A tariff on tung oil would be of the lat­
ter type. It would tend to increase the price of tung oil 
and encourage the development of the industry in the United 
States. The extent to whioh the prioe increases would depend 
upon the availability of substitutes for tung oil. The price 
at first would increase by about the amount of the tariff. The 
high prioe for tung oil would invite the use of substitutes. 
Duty-free oils and others whose prices had beootne adjusted in 
the marfcet at a lower level eould be substituted for the higher 
prioe tung oil. Substituting other oils by industrial con­
sumers would cause the demand for tung oil to doorcase and 
the demand for substitute oils to increase* As a result, 
the prioe of substitutes would Increase and the price of 
tung oil would deorease toward the former level* These 
eoonomio forces would not operate without some friction, be­
cause substitutions could not be made without some degree 
of inconvenience. Oitlciea oil is about the only one of the 
commercial drying oils whioh could be used as a substitute for 
tung oil without extra oost. Tha use of oastor oil for drying
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purposes requires extra cost of dehydration. The net effeot 
of a tariff on tung oil would bo to (1) increase the price 
of tung oil by leas than the full amount of the tariff, (2) 
reduce the quantity purchased, (3) increase the price of 
ether oils whioh may be substituted most readily for tung 
oil by an amount less than the tariff, (4) increase the 
quantity of substitute oils purchased, and (5) increase do­
mestic production of tung oil. The prices at which consumers 
could buy drying oils would be higher and the prices of pro­
ducts containing drying oils would be higher than before by 
an amount less than the full amount of the tariff.
M a s s  of Drying Oils
The average annual prices of drying oils are shown in 
the following table for the years indicated.
Table XV. Average Annual Prices of Drying Oils, 1940-1949 
(Cents per pound, h, Y.)
Tear linseed Tung Soybean Castor Oiticioa Menhaden
1940 9.7 26.3 4.8 15.6 18.9 7.1
1941 10.7 32.2 8.5 15.2 20.2 10.1
1942 13.3 39.6 11.6 18.3 23.6 11.61943 15.6 39.0 11.8 18.4 26.2 12.4
1944 15.6 39.0 11.8 17.9 21.9 12.6
1945 15.5 39.0 11.8 17.9 23.7 13.0
1946 19.9 39.1 14.6 23.5 26.8 15.9
1947 34.3 30.5 23.3 33.6 20.9 24.9
1948 29.7 24.6 22.3 26.6 21,5 81,8
1949 (1) 25.1 22.9 18.5 21.7 16.2 13.8
Source} Sdmund 0. Wood., 0£ olt., p. 33.
(1). Compiled from Pats and Oils Situation, Bureau




The table below shows total quantities of six of the 
seat important drying oils consumed in the United States for 
the years indicated.
Table XVI. Total Consumption of Crying Oil® 
in the United States* 1938-1948
(MO Pound e )
Linseed Oastor Soybean Oitioioa fishTear Oil Tun* Oil Oil. .Oil... Oil Oil
1938 483,888 90,895 3*043 81,784 8,301 30,6631939 55?,855 105,593 11,844 58,885 18,86? 43,8991940 383,585 33,937 84,857 46*860 15,58? 46,8941941 808,341 68,315 46,895 68,410 86,786 56,6391948 880,853 11,830 68,786 33,482 9,196 31,7791943 ?S?»S93 12*04? 84,991 36,974 3*602 34,1881944 388,373 10,109 90,03? 36,646 10,741 47,17©1943 339,340 88,378 66,656 48,757 19,389 57,8881943 338,830 35,338 38*833 66,985 88*245 46 * 883
194? 537,338 103,07? 43,501 156,807 18,70? 44,94619481 595,430 189*739 57,878 168,158 13,115 38*18?
Source: Agricultural Statistics - 1948. United States De-
pertment of AgricuiCure, Washington I). 0., United 
States Government Printing Office* 1949* p. 108.
1. Tata and Oils Situation. Bureau of Agricultural 
SoonoSTosTUfl^ted States Department of Agriculture, 
May* 1949* p. 13.
The oils in whioh there was a noticeable increase in 
consumption in the drying-oil industries of the United States, 
beginning about 1940, are linseed oil and oastor oil. The 
trend in linseed oil consumption turned downward in 1948. The 
rate of consumption of oastor oil also was reduced in 1943, 
but unusually great quantities were consumed in 1944 and 1945. 
The oils in whioh there was a noticeable decrease in consump­
tion during 1942 and 1943 are tung oil and oitioioa oil, both
100
of whioh were not available la usual quantities* A better 
pioture of what drying oils have been used for may be 
presented by a statistieal presentation of drying oil oom- 
sumption by produets.
Table XVTI. Utilisation of Oil® and Fats in Drylng-Oil 









Oilcloth PrintingInks .Other.. Total
193® 564,773 34,100 31,384 14,121 68,8781939 675,973 107,781 83,873 18,884 885,4511940 654,175 111,813 81,178 22,229 809,3951941 876,396 136,840 89,319 38,852 1,081,4071942 774,485 116,835 17,337 63,865 973,9241943 696,859 75,798 83,084 93,918 891,5871944 686,134 85,444 30,611 114,460 918,6491945 656,075 78,879 38,034 119,274 892,262194® 681,798 @8,306 33,593 136,407 940,2781947 704,583 141,818 83,710 144,489 1,014,600194® 764,054 166,880 88,167 129,538 1,088,039
Source: Fatg. and 0 1 ^  31t.u.a|ilgn, Bureau of Agricultural
Economics, United States Bepartmeat of Agricul­
ture, May, 1949, p* 14.
For each year represented in the table above, greater 
quantities of drying oils were consumed in making paint and 
varnish than in any other produet. The second most Impor­
tant drying-oil product was floor covering and oilcloth un­
til 1943, when other produots became the second most impor­
tant consumer of drying oils. By 1948, floor covering and 
oilcloth had regained its former position. Printing ink
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was the third most important drying-oil product until 1940, when 
It was exoeeded by ether product®, The term "ether" produets 
includes oor® oil®, synthetic rosins, insulation, linings and 
packings, coated fabric® other than oilcloth, caulking and 
ether protective ooatings.15
M a i sM. M iM sa
The aacnnt of eaoh type of drying oil used in the snanu- 
faeture of paint and varnishes is shown in the table below.








1941 1943 1944 1945 1946 1947 1948
Linseed 495,618 611,089 616,461 477,570 503,178 420,444 440,883fish Oil 27,875 25,153 37,880 42,993 36,290 34,801 87,248
Tung Oil 87,541 8,667 8,084 13,042 32,188 86,686 101,161
Soybean




drated 12,674 63,813 44,243 24,546 87,650 38,164
Oitioioa
Oil 13,399 2,668 8,324 16,505 19,564 10,414 7,684
Perilla
Oil 24,504 1,666 411 161 73 26 12
Sourcei Fats and Oils Situation. Bureau of Agricultural Eco­
nomics, United States Department of Agriculture,
May, 1949, p. 15.
18 Ibid., May, 1949, p. 14.
loa
On the basis of quantity used, linseed oil is the 
most important drying oil used In the manufacture of paints 
and Tarnishes. It amounts to approximately 70 per sent of 
the oils used for palate and Tarnishes. About equal quan­
tities of tung oil and soybean oil were used in 1940. The 
lnportaaoe of soybean oil appears to be increasing as a raw 
material for paints and Tarnishes. The greatest quantities 
of tung oil were consumed when it was available at a price 
not far out of line with other drying oils.
Linoleum and Olloloth
The quantities of drying oils used in making lino­
leum and olleloth are shown in the following table.








1946 1943 1944 .19-48. 1946 1 M 1 -.Ii4®..r.
Linseed
Oil 77,813 72,378 79,994 66,536 66,427 35,699 109,361
Soybean
011 8,179 273 48 6 6,503 83,297 32,044
Fish Oil 18,536 1,489 1,926 6,359 5,136 4,566 5,184
Oitieioa




drated .... 211 890 755 640 617 666
Tung Oil 3,610 — — 2,337 104 5,234 8,943
Fori11a
Oil 5,698 2
Sourcet Tats and Oils Situation, Bureau of Agricultural Beo- 
nomTos, United States Department of Agriculture,
May, 1949, p. 18.
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As shown in the above table, more linseed oil is used 
in the manufacture ©f linoleum and olloloth than any other 
oil. It constituted about 78 per cent of all oil used for 
this purpose in 194®. Increasing quantities of soybean oil 
are being used,
The use of drying oils In making printing inks is 
shown in the following teble.




Oil 1941 1943 1944 1946 1946 1947 1948
Linseed




drated 39 220 323 138 100 259
Tung Oil 3,328 17 87 156 521 1,397 1,486
Oitlciea
Oil 62 11 219 444 800 148 97
Pish Oil 223 112 109 882 359 209 392
Soybean
Oil 108 48 23 29 108 1,119 197
Perilla
Oil 1,474 162 76 23 3 7 4
Souroe: rats and Oils Situation* Bureau of Agricultural Eco­
nomics, United States Department of Agriculture,
May, 1949, p. 15.
Greater quantities of linseed oil are consumed in 
printing inks than any other type of oil, but there is a 
noticeable difference in the proportion of tung oil consumed
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in printing inks than la linoleum and oilcloth. Printing 
inks use a greater proportion of tun® oil than linoleum 
and oilcloth. Soybean oil is not nearly as Important in 
printing lake as it is in linoleum and oilcloth and paints 
end Tarnishes.
GBAl'TJSE Til
ECONOMIC ASPECTS Of PWOTOIffl* BHTIBO OILS
Tha over-all objectivesof this chapter are (1) to 
present a thorough description of the economic character- 
istica of the tung oil industry with chief emphasis upon 
the economic aspects of supply and cost of production,
(2) to Isolate those conditions whioh originate in and 
are elosely associated with the process of production, and
(3) to evaluate the elements of supply from the standpoint 
of their influence upon the market price of the chief pro­
duct of the industry: tung oil. The industry appears to
be subjected to a considerable degree of instability which 
cannot be wholly accounted for by a consideration of supply 
and cost of production alone. The problem Is more Involved 
than that. Yet, the various conditions under whioh a 
commodity is produced eventually will influence the mar­
ket prioe of that commodity. As a general rule, those eco­
nomic forces which originate out of supply do possess the 
quality of persisting upon certain modifications being made 
in the market place. ”... as a general rule, the shorter 
the period which we are considering, the greater must be 
the share of our attention whioh is given to the Influence
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of demand on value; end the longer the period, the more im­
portant will be the influence of the coat of production on 
value.” 1 Marshall goes on to explain that the actual 
prioe of a commodity at a given time "is often more in­
fluenced by passing events and by causes whose action is fit­
ful and short lived** * than by the more persisting forces 
which stem from cost of production. But in the long-run, 
•persistent causes dominate value completely.” 3
Cost of production is not the only force of supply- 
origin whioh tends to influence the prioe of tung oil and 
the stability of the industry in the United States. A more 
complete investigation will include such factors as annual 
quantities produced, rate of expansion of domestic orchards, 
existing quantities of tung oil in stock, the length of the 
productive period, Imports from abroad, and the stability 
or Instability of imports. Of course, the above factors 
alone do not make a complete list of the forces whioh de­
termine the price of a commodity. It is the relationship 
between the composite of all supply factors on the one hand 
and the oomposlte of all demand factors on the other hand 
whioh determines the market prioe of a commodity* An orderly
1 Alfred Marshall, Principles q£ Igttttgatet, (8th 
ed.; New York: The Macmillan Company, 1949), p. 349.
2 Ifrld«- P* 349.
3 Ibid.. p. 3B0.
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sequence of thought requires that a treatment of a balance 
between these two sets of opposing forees be delayed until 
after each set of forces * demand and supply - has been 
considered individually.
PHODCJGim TTO> HUTS IH THE UHITID STATES
The domestic production of tung oil is oonfined to a 
relatively small area in the United States. The producing 
area includes parts of only six states in the southeastern 
part of the United States. The average annual amount pro­
duced constitutes not more than IS per cent of the average 
annual amount consumed by domestic consumers. The oil is the 
principal product of the industry.
Tung meal is a by-product of minor importance to the 
producer. It is sold by the mill owners as a fertilizer at 
about $12 per ton. From the standpoint of tung nut pro­
ducers who are not members of an integrated system, the by­
product is of little or no economic value. The nuts are 
sold to mill owners on an oil-content basis (or processed by 
mill owners on an oil-content basis) without calculating the 
value of the meal. Whatever sale pried the mill owner can 
get for the meal accrues to him as additional compensation 
for processing tung nuts. Of course, the value of the meal 
may be passed on to the growers In the form of a reduced mill­
ing fee. Such a result is highly unlikely, however, on account
10©
of the limited number of mills in the area and the high oost 
of transporting tung nuts to other than the nearest mill. 
Growers w&© are members of a cooperative system receive a 
direct benefit from the utilization of the meal either as a 
reduotion in the purchase prioe of the product for fertili­
ser in their own orchards, or as a reduction in milling 
oosts.
Practically all the tung trees In the United States 
are grown in cultivated orchards. Very few trees are grown 
in wild and uncultivated areas. It is true that some trees 
are grown carelessly in patches, gardens, cemeteries, fence- 
rows, and on rough hillsides. In such a case, very little 
attention is given the trees and production of nuts is small. 
By far the greatest portion of tung nuts produced in the 
United States eomes from well-cultivated orchards. In fact, 
the whole process of producing tung oil requires technical 
knowledge.
Expansion of thg Bemestie Tuqg 0J1 Maft&BK
The production of tung oil in the United States on 
a commercial basis began about 193©. Prior to that time and 
after the introduction of the tung tree into the United 
States, activity in the industry was on an experimental basis. 
According to the United States Census of Agriculture, there 
were only 350,793 tung trees of all ages in the United States
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in 1930.* Fro® those trees, a total of 119,310 pounds of 
tung nuts were harvested and sold at a total market value 
of 15,969. The trees were grown ©a 144 different farms.
By 1935, the number of tung trees had increased to 
3,633,361, representing a 938 per cent increase in the num­
ber of trees. During the five-year period from 1930 to 
1938, 3,361,568 trees were added to the domestic orchard®. 
The number of farms on which tung tree® were grown had in­
creased to 687.
By 1940, there were 8,304 tung orchards in the 
United States in whloh 18,671,344 tree® were growing. Sine® 
1935, 9,036,983 trees had been added. In 1940, 2,381,139 
pounds of tung nuts were harvested and marketed at a value 
of #82,523.
The number of orchards had Increased to 4,160 by 
1945, and the number of trees of all ages had decreased to 
9,583,087. At the same time, 62,693,347 pounds of tung nuts 
were harvested. The 1945 crop was sold for a total of 
#3,130,197.
The record of the expansion of the tung oil Industry 
in the United States during the fifteen-year period from 
1930 to 1948 is contained in Table XXI whloh follows;
4 United States Census of Agriculture. 1945, II 
General Report, Bureau of the Census, United States Depart­
ment of Commerce, Washington, T>, C., p, 838.
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Table XXX. Tung Orcharda, Trees, Production, and Value 


























The above figures indicate that the period of greatest 
expansion on the basis of number of trees of all ages was dur­
ing 1930-1940 period, and the greatest rate of expansion of 
produetion of tung nuts took plaoe after 1940. It la apparent 
that a time-lag is involved between the time of actual plant­
ing of trees and the plaolng of tung nuts on the market. The 
length of the time-lag is determined by the length of the 
productive process - - that is, the time required for a plant 
to grow from a mere seedling to a full-grown tree capable of 
bearing a normal crop of nuts. It has been estimated that 
a tung tree will produce some tung nuts at about three years 
of age, but that it will not reaeh its full productive ca­
pacity until after the fifth year under normal conditions of 
care and growth. The yield per tree indicated that in 1950 
the number of trees was high relative to the quantity of 
tung nuts produced. Presumably moat of those trees were mere
5 P* 838
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seedlings under three years of age. Considering the fast 
that the industry was in its infancy at that time, it is highly 
probable that many of those trees were still in the nurseries.
The production figure for 1938 does not appear in the 
foregoing table, neither doe® the yield per tree. However, the 
number of trees of all ages in 1985 shows that the average net 
increase in the number of tree® had been about 656,314 per 
year during the previous five-year period. Assuming that the 
majority of the tree® in the 1930 figure had survived and 
reached full production by 1935, it is very probable that there 
were about 1,009,109 (656,314 plus 380,793) trees five years of 
age or over in 1933. Also, there were approximately 8,835,854 
(3,638,361 minus 1,007,107} trees below five years of age in 
1935. Considering both the inoreace in the proportion of 
fruit-bearing trees and the increase in the age of many of them, 
it seems logical to assume that an increase in both total pro­
duction, and yield per tree had taken place during the pre­
vious five year period.
The production time-lag is revealed still more clearly 
in the relationships between the figure® for 1930 and 1940,
In 1940, there were 18,671,344 trees of all ages, in contrast 
to 850,793 trees in 1930, There were thirty-five times as 
many tung trees in the United States In 1940 a® there were in 
1930. Wineteen times more tung nuts were produced in 1940 than 
In 1930. The product of the trees planted during the 1930-38 
period was coming on the market about five years later; in 1940.
There is even stronger evidence of the existence of a 
production time-lag in the growing of bung nuts in the
relationship between the relevant figures for 1940 and 1940* 
la the latter rear, 1945, the number of tung trees had de- 
creased fro® IS,671,344 in 1940 to 9,583,087, and production 
of tung nuts had increased to 62,698,347 pounds fro® $,381,139 
pounds in 1940. There wore about three-fourths as many trees 
in 1945 as in 1940$ yet about thirty times as many tung nuts 
were harvested. The decline in the number of trees was due pri­
marily to two factors. First, the tung growers hesitated to en­
large their orchards beoause of a scarcity of labor during the 
war period and they anticipated a decline in the market price 
of tung oil at the end of war. Second, and of primary signifi­
cance, is the misleading nature of the figures as an indica­
tion of the character of tung orchard expansion during the war 
period. Orchards were enlarged during this period, to be sure; 
hut relative to the rate of expansion during previous periods, 
the rate of expansion during the latter period appears to be 
insignificant. Many of the trees planted in former periods were 
located in areas unsuited for growing tung trees successfully. 
Zn some cases, unsound promotional practices were conducted In 
the industry whereby land not suitable for growing tung trees 
was sold to prospective tung growers. After it had been demon­
strated that trees planted on land purchased in this fashion 
would not be profitable, they were either destroyed or aban­
doned. The census reports taken during 1935 and 1940 were un­
usually high in respect to the number of tung trees and low in
respect to production beoause they Included a large number of
trees growing in areas described above.
In addition to the influenoe of unsound and unwise
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promotional praotioes during the 1930*s, many sincere efforts 
were scientifically wrong* Tung growers desirous of enlarg­
ing their original orchards made mistakes in locating addi­
tional groves on improper aoils. They had neither experience 
nor scientific guidance in an industry whloh required a great 
deal of both, Expansion of this type also proved to be un­
profitable and in the wrong direction.
With the disappearance of early promotional practices 
and the development of greater maturity in tung tree culture 
aided by experience of individual tuns; growers and the assist­
ance of the United States Department of Agriculture and State 
experimental stations, further expansion of the industry be­
gan to decrease quantitatively after 1940 and to improve 
qualitatively. Subaarginal orchards were abandoned and im­
provements were made in soil selection and quality breeding 
to the effect that the total number of trees declined and 
total production increased.
In spite of the footers which have resulted in a lack 
of proportionality in the rate of expansion of tung groves 
and the increase in quantity of production, the existence 
of a production time-lag Is in evidence. The quantity of 
tung nuts harvested in 1945 shows the influence of sound ex­
pansion of tung groves in prior years.
The significance of a production time-lag is based 
upon the effect which it has upon the prevailing market price 
of tung oil and the long run stability of the industry. To a 
large extent, additions are made to productive facilities in
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any industry in accordance with present expectations of fu­
ture returns from such additions. In an expanding and grow­
ing industry, such as the tung oil industry, present expec- 
tations of future returns become inoreasingly great. In 
periods of optimism and high prioes, those expectations be- 
eeme even greater and provisions are made for greater pro­
duction. As long as future prioes are in line with present 
expectations* future returns will tend to be in line with 
present production. On the other hand, the use of substi­
tutes for a commodity may reduce the price so that future 
returns will be less than expectations. A relatively long 
productive process Increases the possibility of using sub­
stitutes and makes the process of calculating future returns 
more hazardous and difficult. In the tung oil Industry, 
when more trees are planted and groves are improved in re­
sponse to an increase in the market price of tung nuts, the 
arrival of additional quantities of tung nuts on the market 
is delayed for a period of time equal to the length of the 
production process, which in three to fire years for tung 
trees. Such a delay causes the domestic supply of tung oil 
to be sluggish over short periods of time. The sluggish 
character of supply invites the development of substitutes 
for tung oil. It tends to encourage additional imports of 
tung Oil. Industrial consumers are induced to use other dry­
ing oils as a substitute for tung oil in the manufacturing 
process.
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After the passage of time sufficient to permit the 
productive process of tung growers to increase the supply 
of tung oil, the additional quantities may come ©a the mar­
ket at an Inopportune time. The development of substitutes 
and alternate sources of supply of tung ©11 tend to reduce 
the market price. Therefore, tung oil has to be marketed 
at prices below expectations of a previous period. The 
immediate connection between supply and price of tung oil is 
broken by the influence of short-term forces. The time re­
quired to make a fundamental change in the domestic supply 
of tung oil is in excess of the time required to make the 
necessary change in the supply of substitutes. The supply 
of tung oil substitutes appears to be more elastic than the 
supply of domestic tung oil.
The H a s  t l o lly of 3upd1v of Tung huts
The responsiveness of the quantity of a commodity 
supplied or demanded to changes in the price m y  be state# 
in terms of elasticity of supply or of demand* It is cus­
tomary to indicate the degree of elasticity as (1) equal to 
unity, (S) relatively elastic, or {3) relatively Inelastic. 
Elasticity of supply or demand is equal to unity when "a 
given change in price produces an equal proportionate change 
in the quantity" ® supplied or demanded. A relatively
« Kenneth 1. Boulding, Economic Analy&M 
lion, Mew fork: Harper and Brothers Publishers, 1941),
p. 131.
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elastic supply or demand "Is one In which a given change la 
price will produce a finite hut more than proportionate 
shaags in quantity," * Relatively inelastic supply or de- 
■and "is one in which a given change la price produces a 
leas than proportionate change in quantity." ® When the 
term "elasticity" ia used in this study, it is used la the 
sense iadloated above unless It is stated otherwise.
A more complete understanding of the elasticity of 
the supply of tung nuts may be had by observing the relation* 
ship between the aetual market prioes at which tung nuts were 
brought to market during a representative number of years and 
the quantities which were marketed at each of the various 
prices. The rate of change in the quantities of tung nuts 
which are placed on the market resulting from a similar 
ehange in the market price is an indication of the elasticity 
of supply. A comparison of this relationship of each of the 
principal substitutes for tung oil with that of other oils 
indicates the relative abilities of the interchangeable com* 
modities to effect a change in supply. Other things being 
equal, the commodity which is most responsive to changes 
in the market prioe {highest degree of elasticity of supply) 
is in the most favorable competitive position. Because
7 Ibid.. p. 181.
8 Ibid.. p. 188.
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changes la the quantity of a commodity produced under con­
ditions of relatively elastic supply can be made m a t  
readily, an increase in price will permit a greater than 
proportionate lnoreaae in the quantity of the commodity to 
be aarketed. likewise, a decrease in price will bring 
about acre than a proportionate decrease in the quantity 
of the ooamodity whloh will be brought to the market.
A reoord of domestic production of tung nuts siaee 
1939 is shown in the table below, together with a reoord of 
the average prloe received by the growers and the total 
value per year of tung nuts marketed*
Table XXII. Produotlon, Prloe, and Faria Value of Tung huts 





. -___ ler ...Ton.......
Farm Vhlue 
-.. (11.000 )
1939 1,160 $ 42.20 # 49
1940 11,000 60.00 660
1941 8,750 88,30 773
1942 16,350 91.00 1,501
1943 6,200 99.00 614
1944 26,680 108.00 3,730
1945 37,080 98.90 8,00?
1946 57,400 96.90 5,564
1947 53,200 73.60 4,909
1946 (1) 08,500 49.10 8,873
1949 (1) 66,100 68.10 4,105
Souree: Agricultural Statistics - 194ft. Halted States De­
partment of Agriculture, Washington, P. 0., United 
States Oovernaent Printing Office, 1949, p. 142.
,Î W.SlSS«S-siSS; SS.«.*S““
Agriculture, Mew Orleans, la., January 10, 1960, 
p. 1*
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It may toa observed that the relationship between the 
degree of change In quantity and the degree of change In 
price Is not a constant one. As an over-all proposition, the 
quantity of production lnoreased by about 04 times during the 
entire period; whereas the maximum price received during the 
period from 1930 to 1949 was slightly less than two and one- 
half times the minimum price, and the maximum price did not 
coincide with the maximum quantity from the standpoint of 
time. For any given year, there seems to he very little con­
nection between quantity and price. Consequently, the tung 
industry Is characterised by a high degree of Instability.
This situation is doubtless the origin of many of the 
troubles of the industry*
The elasticity of supply of a commodity varies with 
the length of time required to effect a change in the quantity 
produced. There are three time-perlods Involved in the pro­
duction of a commodity. The first is the "market time," 
which may be defined as "time long enough to permit Increases 
or decreases in the rate of sale from a given stock of goods 
on hand which the seller does not have time to alter by pur­
chase or production." ® The quantity included in the stock 
is known as market supply. The second time-period is known
9 Robert B. Pettengill, trice. faa&Bmim (New Yorks 
The Ronald Press Company, 1948), p. 194.
as the short-run. It may be defined as a period "long 
enough to permit expansion of production by the use of addi­
tional variable factors but not long enough to permit on in- 
erease in fixed footers**1 The quantity of a good pro- 
duoed within the short-run is known as short-run supply* The 
third time-period in the produotion of a good is the long-run. 
This period may be defined as 11 time long enough to increase 
the quantity of 'fixed factors1 employed.. . H  The quantity 
of a good produoed within the long-run is known as long-run 
supply.
Sspply
When the supply of tung nuts is taken to include only 
those nuts which have already been produoed and are in stock 
ready to be sold, price movements will have very little effect 
upon quantities offered for sale. The connection between 
price and cost appears to be broken, and the supply curve tends 
to be inelastio. The nuts oan sot be withheld from the mar­
ket from one year to another, because they oan not be stored 
successfully for that length of time. Consequently, the 
reservation price of the seller is very low, and a very low 
price is sufficient to attract the entire market supply, even 
though it is insufficient to cause an increase in the quantity 
produced over longer periods of time.
The market supply of tung nuts includes those quan­
tities whloh are at the crushing mills and other collecting
ISO
centers at any given time. It also includes those quantities 
whloh w i n  he transported to the mills and offered for sale 
fey growers who have full knowledge of the condition of the 
Market at any given time. Fro® the standpoint of the Indi­
vidual producer, market supply includes those quantities which 
have already been pieked-up, placed in bags, and are ready to 
fee transported to the crushing mills, so long as the antici­
pated marginal coat of transporting them to the mill la less 
than the market price. The producer would profit more, or 
less less, fey transporting the nuts to the processing plant 
than he would fey leaving them in the orchards. As long as 
the current practice prevails among tung-nut haulers of charg­
ing for their services on the basis of tonnage and distance 
from the mill, quantities of tung nuts Included in the con­
cept of market supply will tend to vary inversely with th© 
distance of the tung grove from the nearest crushing mill. 
Market supply appears to fee a limited quantity which varies 
from locality to locality and from time to time in accordance 
with varying circuastanoes of production and marketing and 
the attitude of the individual seller. The length of the 
supply period varies from one day to several. The character 
of supply in each market is likely to be relatively inelas­
tic, because the power of price changes to influence the 




Short-run supply of tons out® includes the quantity 
which oan be produced within a growing season from existing 
orchards. Hot only must the price be high enough to cover 
the costs of cultivating the orchards In the usual manner* 
but it must be high enough to cover extraordinary variable 
costs as well as some of the fixed coats before there will 
be an increase in short-run supply. Within the short-run 
the price of tung nuts must be high enough to cover average 
prime cost plus a portion of supplementary cost in order to 
bring forth the desired quantity. This price 1® kaowfe he 
the short-run supply price.
The minimum time required for change® In the market 
price of tung nuts to bring about a change In the quantity 
which will be placed on the market is less than on* year.
The harvest period begins soon after the first frost In the 
area and is completed within two and one-half or three months. 
During October, Hovember, and December, the nuts fell to the 
ground and, after a reasonable drying period, they must be 
moved either to temporary drying barns or to the crushing 
mills and to the market. Tung nut® which have been stored 
properly in drying barns cannot remain there from one season 
to another without injury and loss in value through a chemi­
cal reaction of the sold within the kernels. "The crops 
maturing in the fall must be processed by the following May
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or June to avoid deterioration.” The actual marketing 
period extends over six or seven months during the year.
No attempt is made in this study to determine the 
degree of elasticity of short-run supply. The price and 
quantity figures listed in the table on page 117 are not 
suitable for that purpose. They are stated in terms of 
annual average prices and annual quantities; whereas short- 
run supply of tung nuts is taken to mean only the quantity 
which is produced in less than a year. It is probable, 
however, that this ooncept of supply is relatively inelastic 
for the entire tung industry, as well as for individual pro­
ducers. In the first place, the tung growers are inclined 
to bring the nuts to the crushing mills as soon as they 
have dried sufficiently, beoause storing them in temporary 
storage sheds tends to increase the cost of handling and to 
increase the hazards of deterioration. The growers tend to 
disregard prices to some extent in order to move the crop 
to the market as soon as it is harvested. This situation 
tends to render supply relatively Inelastic.
Because of the perennial character of tung trees, 
the growers will bring the minimum normal short-run supply
12 Wilson Kilby and 0. ?. Potter, Tung Culture in 
Southern Mississippi. Revised, Agricultural Experimental 
Station, Mississippi State College, State College, Missis­
sippi, (June, 1949), p. 34.
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of nuta to the market only when the price is high enough to 
cover the essential average variable cost - that Is, the 
oost of picking the nuts from the ground and bagging them. 
These cost items are considered to make up the very minimum 
variable costs, and as long as the price is high enough to 
pay these costs plus an amount to pay for at least a part 
of the fixed costa incident to operating a tung farm, an 
annual crop produoed without the use of fertilizer, cultiva­
tion, or other extraordinary efforts on the part of the 
grower will move to the market.
Should the price rise above the level of average 
ordinary variable cost, the quantity of tung nuts produced 
and offered for sale will tend to be more responsive to 
price changes. With the price high enough to justify extra­
ordinary cost and effort, the tung growers would be en­
couraged to intensify cultivation and harvesting practices. 
More intensive cultivation means that fertilizer will be 
used, the disk and spring-tooth harrow will be used to cul­
tivate the orchard, cover crops will be planted, and the 
orchards will receive better oare. More intensive harvest­
ing praotices means that efforts will be made to eliminate 
waste, fewer nuts will be left on the ground, end extra oost 
will be incurred to gather nuts from scattered or isolated 
trees.
It has been demonstrated that more intensive culti­
vation of tung trees will bring forth greater production
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la other words, an Increase in variable costs will bring 
about an increase in the quantity produoed. An increase in 
total variable ooet will be made only when the price of 
tung nuts increases sufficiently to justify the extra ex­
penditure. Therefore, if an increase in price of tung nut® 
will bring about an increase in total variable costs, and 
if an increase in total variable costs will bring about an 
increase in the quantity of tung nuts produoed, an increase 
in the price will increase the production of tung nut®.
A ease may be oited in which additions were made to 
variable costs of producing tung nut® under experimental con­
ditions. An experiment was begun at the Experimental Tung 
yield near Poplarville, Mississippi, in 1941, "t© determine 
the most economical rate of fertilising tung.” 15 Trees 
were planted on four different plots of land which were very 
similar in type. For a period of seven years (1942-1948) 
varying portions of fertiliser were applied to the trees.
The results in terms of output and growth of the trees were 
noted and recorded. A summary of the yield in tung nuts la 
given in the table below. Sfforts were made to keep all 
variable costs constant except fertiliser. It la an experi­
mental oaee in whloh additional quantities of fertiliser 
were added to constant quantities of land, labor, management
13 Wilson W. Kilby and S. R. Green, "Bight-Tear Study
Shows Value of Fertiliser for Tung Trees,” 41.aal.a*lBB.l ZSJB
Research, XII (Dec., 1949), 7.
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and capital.


















1942 .002 .012 .012 .0111943 .400 .090 .087 .1051944 .245 .338 .415 .4681945 .496 .713 .868 1.073
1946 .670 .787 .972 1.3781947 ,279 .437 .506 .8591948 1.097 1.228 1.550 1.913
Source: Mississippi Farm Research. Mississippi Agricultural
Experimental Station, Deo., 1949, p. 7.
In the first place, the table shows that the use of 
fertiliser does increase the yield of tung nuts par tree and 
that the amount of the increase in yield varies with the'age 
of the tree. In 1942, when the trees were only one year old, 
the highest yield was obtained from Plots II and III with the 
use of % pound and £ pound of fertilizer used on the respec­
tive plots. For each year after 1943, the highest yield was ob­
tained from Plot IV with the use of 1 pound of fertilizer. 
However, the rate of increase in production as a result of, 
the use of fertilizer appears to decrease as the tree® grow 
older. In 1948, when the trees were nine years of age, the 
yield was 1.097 tons per acre without the use of fertilizer.
Only 1,913 tons per acre were produoed with th® us® of
x m
1 pound of fertiliser per tree.
Some observations may be made from the above study 
whloh will be useful in determining the elasticity of short- 
run supply of tung nuts. First, the record of the experi­
ment shows that the amount of fertilizer used in H o t  XXX 
was1twice the amount used each year in Plot IX, and the 
amount used in Plot IV was twice the amount used in Plot 
III. In other words, the amount of fertilizer was doubled 
in each oase. On the other hand, the yield was less than 
doubled in eaeh case. The responsiveness of supply to 
changes in only one item of variable coat was lass than 
unity (relatively inelastic), Further experimental research 
of this nature is needed to determine the most productive 
use of oultivation practices on tung trees of varying ages.
If the older trees do not respond to cultural practices any 
better than they do to the use of fertilizer, some of the 
costs of cultivating trees in the higher age brackets may 
be discontinued with profit.
Tung growers will re rain from increasing variable 
costs until the price rises high enough in their estimation 
to Justify it. If fertilizer is representative of other 
variable coot items, additional applications of capital and 
labor to the existing orchards will bring forth greater pro­
duction of tung nuts within the limit of profitable employ­
ment of such additional capital and labor. From the point of 
view of the individual tung grower, the point of most
137
profitable employment la determined by tbe relationship be- 
tween marginal eoat per too of tung nuta produoed and margi­
nal inoome per ton. Marginal inoome la equal to the price 
per ton. Therefore, the producer may employ additional 
quantitlee of oapltal and labor so long aa the additional 
eoat per ton does not exceed additional income per ton. 
Short-run supply of tung nuts appears to be relatively In­
elastic, but more elastic than that of market supply.
£®S&-5H& §M2lZ
The long-run supply of a commodity consists of the 
quantity which is produoed as a result of the fixed factors 
employed in the production of that good. Changes in the 
quantity of a good produoed as a result of changes in the 
fixed factors employed are regarded as changes in the long- 
run supply and are of considerable importance in determin­
ing the elasticity of this concept of supply. Changes in 
long-run supply may result from either a net increase or a 
net decrease in fixed factors. The time required for a 
change in long-run supply to take place after a change has 
been made in the fixed factors depends primarily upon the 
peculiar characteristics of the product and the method or 
process by which it is produoed. As a general rule, manu­
facturing establishments which make use of existing raw 
material in producing other goods can bring about a change 
in the quantity of goods offered in the market by changing 
the physical plant. The time required to effect a change
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la the long-run supply of the product being produced varies 
with the time required to effect a change In the fixed fac­
tors employed. Producers who are engaged in the production 
of goods whloh are obtained from agricultural and forestry 
commodities oan not bring about a change in long-run supply 
without allowing sufficient time for the crops to grow to 
maturity and produce the desired commodities. The time re­
quired for growers of agricultural commodities to effect a 
change in long-run supply Is determined primarily by the 
length of time required for their particular crops to grow 
to maturity and produce a crop sufficient for commercial dis­
tribution. Variations in the pre-productive growing period 
of the various agricultural plants is fixed rather definitely 
by nature. Of course, plants may grow to maturity quicker 
by proper care and attention than they would without such care, 
but such accomplishments are limited. The growing period of 
crops which are produced annually may be reduced by a few 
days, or perhaps weeks, by favorable climatic conditions and 
the exercise of proper care. Perennial plants which do not 
grow to maturity and produce commodities within a year may 
be made to yield a greater quantity by proper care and fav­
orable growing conditions. On the other hand, the pre-pro- 
duo tlve growing period of perennial plants may not be made 
to conform to the pre-produotlve growing period of annual 
plants. Therefore, the time required to effect a change in
u»
the long-run supply of commodities produoed from annuel 
plants is shorter than the time required to effeet a change 
In the supply of commodities produoed fro® perennial plant®* 
The tlae-elastlaity of long-run supply of oommodlties ob­
tained fro® annual plants is less than that of oommodlties 
obtained from perennial plants.
Xn the ease of tung nuts, long-run supply consists 
of the quantity whloh may be produoed within a given long- 
run period by changes in the number of producing trees* 
Changes in this eoneept of supply may take place as a re­
sult of either an increase or decrease in the number of 
producing trees. Producers increase or decrease the number 
of producing trees as a result of similar changes in the 
current and anticipated market price of tung nuts. The time 
required for the quantity of tung nuts produced by the en­
tire industry to increase as a result of an Increase In price 
is equal to the time required for young seedlings to be grown 
in the nurseries, transplanted to the orchards, and to grow 
to maturity capable of producing a normal crop of tung nuts. 
It appears that, under favorable conditions of growth, tung 
trees will reach maturity at about three years of age and, 
under less favorable conditions, they reach maturity at 
about five years of age. The elasticity of supply is con­
cerned with the relationship between changes in the quantity 
produced as a result of similar changes in the market price. 
When supply is considered in the long-run sons®, elasticity
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Is indicated by the ratio of the change la quantity to the 
change in price within a particular long-run period. The 
responsiveness of supply to changes in price usually is 
lass sluggish over long periods of time than it is within 
the short-run. The price of tung nuts must rise high 
enough, in the long-run, to cover both fixed and variable 
costs (average total cost) of the highest cost grower whose 
supply is necessary to satisfy the demand for tung nuts in 
order to maintain constant and stable production. The price 
must rise above the lowest average total oost of the margi­
nal producer in order to bring forth a greater supply. The 
average total cost curve is the supply curve in the long- 
run and under conditions of pure competition. The average 
total cost ourve does not rise as fast as either the variable 
cost ourve or the marginal oost curve. The extent to which 
the quantity of tung nuts offered in the market increases 
in response to an increase in the price depends upon the 
conditions of cost of marginal producers* Conditions of in­
creasing oost tend to reduce the elasticity of supply as 
less efficient factors are appropriated to tung production. 
There is evidence that, from the point of view of the in­
dustry as a whole, tung nuts currently are being produced 
under conditions of increasing oost®. To be sure, some of 
the Individual tung growers may b® operating temporarily 
under conditions of decreasing oost. Individual growers may 
be utilizing an uneconomical combination of factors. The
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many small producers in the Industry who have only a few 
acres in tung orchards probably operate under conditions of 
decreasing ooat year after year. Unit ooat of capital In­
vestment tends to he high when the quantity of output is 
limited beoause of limited aoreage. Under such conditions, 
utilisation of more land with the same Investment in operat­
ing equipment would tend to reduce unit ooat by spreading 
fixed oost over greater output. In addition, it is probable 
that some of the medium else producing units could reduce 
total cost by enlarging their orchards. On the other hand, 
the greatest portion of the domestic supply of tung nuts 
comes from the large orchardsj and, by their very sise, 
the large orchards are the producing units which influence 
supply most. Also, the large producing units influence 
elasticity of supply through the effect which they hare upon 
the total cost curve for the industry. The most profitable 
orchards are those which are being operated at that level 
of output which is produced at the least total average cost. 
Such producers enjoy maximum utilisation of all factors of 
production. An increase in the use of any factor, espe­
cially land, would disturb the least cost combination and 
increase total unit cost of production. The most profitable 
combination of factors at a greater level of output would 
be at a higher cost per unit than at a previous combination, 
beoause of increasing opportunity oost of additional factors.
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Whan the large tung growers attempt to expand their 
orchards and increase production primarily by utilising 
greater quantities of land, the oost of obtaining the land 
for tung growing purposes must be at least as high as the 
prioe whloh could be obtained by the landowner either 
through sale, use or rent of the land for its next most pro- 
fliable alternative use* For example, land located in the 
tang belt which may be used profitably for growing tung nuts 
and as pasture land for livestock; may not be obtained by 
tung growers for less than what the livestock grower® would 
be willing to pay for it. The two group® - tung and live­
stock growers - would be competing in the market for the
use of the land. Even if the profitability, and therefore
the value, of land In the tung belt for non-tung growing
purposes is assumed to be constant, the natural geographic 
and climatic limitations on the uee of land for growing 
tung trees will tend to broaden the spread between the pro­
fitability, and therefore the value of land for tung growing 
purposes and its next most profitable alternative value, as 
additional quantities are used for growing tung trees. Fur­
ther land utilization for tung orchards will result in 
opportunity oost (alternative value) exceeding its value for 
tung purposes and will tend to fix a limit on the expansion 
of the tung industry landwlse until the price of tung nuts 
rises further. A rise in price encourages further expansion 
and utilization of more land. Further utilization of land
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encounters still more valuable alternative uaea and greater 
opportunity costs, To the extent that opportunity ooat per 
unit of output rises higher than the increase in market 
price during a long-run period, elasticity of supply tends 
to be reduced.
Not only auat the market price of tung nuts rise 
to or above the opportunity cost of land before greater 
quantities of nuts will be produoed, but it must rise to ©r 
above the total average opportunity oost of all factors of 
production, including labor, management, and capital. How­
ever, the cost of other factors will not rise as rapidly 
as the oost of land as expansion of th® tung oil industry 
takes place and greater quantities of all factors are used 
in the production of tung nuts. The limitations on the 
supply of other faotors do not appear to be as definite and 
rigid as limitations on the supply of land suitable for 
growing tung trees. Limitations on th® availability of 
tung-producing land are fairly definitely established by 
soil and climatic requirements; while other factors, es­
pecially capital, may be employed in the industry without 
the necessity o* overcoming such qualifying limitations. 
When it becomes profitable to employ additional capital in 
the industry, there are no restrictions on th® availability 
of the supply of capital because of industrial requirements 
peculiar to the industry. The availability of labor is not 
limited by qualification requirements peculiar to the
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Industry. The lack of special restrictions on the supply®* 
factors of production, other than land, renders them avail* 
able for tuns growing purposes.
As the tttng Industry expands end employs greater 
quantities of all factors, the opportunity cost of labor, 
capital, and management tends to rise somewhat less than the 
opportunity cost of land. Since land 1® the principal cost 
item in the fixed*plant expenditure® of a tung grower, it 
appears logical to conclude that those growers who attempt 
to inorease the production of tua§ nuts by enlarging exist­
ing orchards or by adding new ones will be able to do so only 
by encountering conditions of increasing costs. A definite 
calculation of how much costs will increase with a given- In­
crease in output ean not be made with this method of reason­
ing. No such definite calculation is attempted. Knowledge 
of the feet that the tung Industry has expanded to or be­
yond the most optimum level of output and that additional 
orchards may be established only by increasing unit cost 
gives very strong support to the conclusion that the elas­
ticity of long-run supply of tung nuts is leas than infinite 
and that supply tends to become inelastic as output increases. 
Summary Statement of Supply ga.r_l.ods.
In the preceding pages an attempt hae been made to 
analyze the most important economic aspects of growing tung 
nuts. It is? hoped that this analysis will serve at least a® 
a partial explanation of the competitive position of tung oil
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in respect to other commercial drying oils. A thorough un­
derstanding ©f the underlying forces determining the supply* 
elasticity of eaoh of the competing drying oil® may he of 
eonsiderable value in establishing a basis of comparison.
It appears that the supply price-elasticity of tun® oil doe® 
not differ radically from the supply prloe-elaeticity pat­
tern of the majority of agricultural products. The degree 
of elasticity varies with the period of time under consider­
ation. Within the very short-run period - market supply - 
there is a tendency for supply to be relatively inelastic. 
The difficulty and hazards of storing tung nuts until a bet­
ter market situation exists appears too great to permit 
growers to withhold nuts from the market for a very long 
period of time. Consequently, tung nuts are placed on the 
market as they ore harvested for whatever price they will 
bring. So long as the prevailing price* which is determined 
by the relationship between total supply and total demand, 
is high enough to cover actual out-of-pocket costs, the en­
tire crop of nuts will be brought to market* A change in 
price will have very little effect upon the quantity offered 
for sale. Such a situation is characteristic of a commodity 
of relatively inelastic supply.
Within the short-run period, which is about on® year 
in this particular case, the supply-elastioity of tung nuts 
tends to be greater than in the shorter period. To the 
extent that producers have knowledge of their cost ourves
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and that they employ variable coat factor® In such a way as 
to maximize profit®, the marginal cost curve become® the 
supply curve. There Is a strong tendency that the marginal 
eost curve does become the variable cost factor supply curve, 
because Individual growers endeavor to familiarise them­
selves with cost condition® as a result of experience and 
maturity. Graphically, the marginal oast curve rise® 'faster 
than the average total cost curves therefore, short-run 
supply-elastic!ty, which is determined by the relationship 
between price and marginal coat, is lea® elastic than long- 
run supply.
By a similar method of reasoning, it may be es­
tablished that the supply-elaatieity of the long-run period 
is greater than the supply-elasticIty of shorter periods, 
la the long-run, price must be high enough to cover all 
costs; therefore, price is determined by supply, average 
total cost, and demand. Average total cost does not rise 
as fast as marginal cost under conditions of increasing 
cost. Long-run supply-elastioity tends to be somewhat 
greater than either market or short-run supply-slastlclty.
IMPORTING rum OIL
Approximately 90;t of the total amount of tung oil 
consumed in the United States annually is imported from 
foreign countries, principally China, Argentine, and
13?
Paraguay. From the standpoint of quantity, this situation 
imposes a serious problem for the domestic tons'oil indus­
try and injects instability into the price structure of 
far-reaching consequences. With stable consumption in the 
United States, even a slight percentage increase in im­
ports of tang oil from abroad will produce a relatively 
great effeot upon the domestic market. With other factors 
remaining unchanged, a given percentage increase in im­
ports tends to reduce the quantity of domestic tung oil 
purchased by a auoh higher percentage. Likewise, a given 
decrease in quantities imported tends to increase the 
quantity of domestic tung oil purchased by a higher per- 
oentage. Thus, tang oil imports tend to produce an Inverse 
leverage effeot upon the domestic market.
Other factors do not remain unchanged, however, and 
the problem is more Involved than the above statement sug­
gests. What is the prioe-elasticlty of imports from Chine? 
Does the time-elasticity of tung oil imported from China 
differ from that of tung oil produced in the United States? 
These questions suggest some of the most important economic 
problems of tung oil imports into the United States. It 
may be observed that they are related to the method to this 
chapter of comparing the competitive positions of drying 
oils.
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Certain descriptive features of th® Chinese tuns oil 
industry were pointed out In a previous chapter dealing with 
that particular source of drying oils. Some of those fea­
tures become increasingly important for th© purpose of this 
study, Hie fact that the Chinese industry is an old one is 
of particular significance. The maturity of the tun® trees 
provides an cver-ready source of nuts to be processed and 
placed on the market when it becomes profitable to do so. 
Out-of-pocket cost of harvesting and marketing tends to de­
termine the nature of the supply curve. Costs, and there­
fore minimus price determinants, begin at the time of har­
vest. Under conditions of rising prices, additional quanti­
ties of nuts will come forth when the price rises high 
enough to cover the additional out-of-pocket cost of harvest­
ing and marketing. There Is a tendency for both opportunity 
cost of land and the principle of diminishing returns to 
have a minimum effect upon th© cost curve and, therefore, the 
elasticity of supply. The abundance of land suitable for 
growing tung trees in the interior of China plus the lack 
of alternative Industrial uses of land exercise a negative 
influence upon opportunity costs. Variable out-of-pocket 
cost of harvesting and marketing tung nuts from mature tree® 
excludes cost of intensive land cultivation In which the 
principle of diminishing returns plays an Important part.
The exclusion of land utilization cost reduces the disadvan­
tage of aa inereasia? cost industry and produces a more
139
elastic supply curve.
The second distinguishing feature of Chinese-produced 
tung oil is the fact that it is grown in uncultivated groves. 
There are some well-cultivated tung orchards in Chins, es­
pecially in the southwestern region of the interior, tout th® 
greatest portion of the exported oil corns® from ucdomestlooted 
trees growing in uncultivated groves. This situation enables 
Chinese tung nut collector® to avoid not only the variable 
cost of cultivation but the fixed cost of capital investment 
in land and machinery as well. In contrast to th® producing 
practices in the United States, Chinese producers are able 
to sell tung nuts at a very low price. Their "reservation 
price*’ is below that of American producers, on account of the 
absence of these important cost factors. It would be neces­
sary for prices to go very low before th© supply would dis­
appear. At a lower price range, these considerations tend to 
produce a relatively elastic supply.
A third factor influencing oupply-eXsetloity of 
Chinese tung oil is the condition of industrial development 
under which it is produced. It was shown in Chapter 3 that 
both Chinese harvesting and producing methods are very crude. 
The use of capital investment in machinery la noticeably 
lacking and the use of hand labor plays a very important role 
throughout the industry. It Is a well-known economic 
principle that an industry which make® use of a relatively 
great amount of hand labor, especially unskilled and semi­
skilled labor, and mini raizes th© use of labor saving
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maohiccry tends to bo a constant cost Industry, It appears 
that this fact a Iona presents a strong case for «a elastic 
supply curve for the Chinese tung oil industry as a whole. 
There are other factors which tend to nullify the effect 
of hand labor and make supply less elastic, nevertheless, 
the influence of thle factor is significant. Final Judgment 
must he deferred until other similar factors have been de­
veloped.
Still other factors influencing eost and supply- 
elasticity are location of tung producing area, transporta­
tion facilities, distance to market, and political and mili­
tary situation. The principal prefacing area la situated in 
the interior along the Upper Yangtze tivar a great distance 
from an export center. Huts ere brought from the groves to 
the local mills by crude transportation methods end the oil 
is transported to larger collecting centers by Chinese coolie® 
and pack animals. Navigable streams serve as the principal 
means of transporting to export centers. These factors make 
those producers located in th® remote interior high cost 
producers. There appear® to be a direct relationship be­
tween dlstenoe from the better navigable streams and cost of 
production. This situation reduces the responsiveness of 
supply to changes in price and, therefore, reduces the elas­
ticity of supply.
At the present time, the United Btnt®® is the prin­
cipal consumer of Chinese tung oil. It is a product which
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find® its beat market outlets in countries with high indus­
trial activity. Other oountries using considerable quanti­
ties are Great Britain and Canada. Prior to th® reoent war, 
Germany and Japan were important oonsusera. Thus, the pri­
mary tung oil markets are great distances fro® China, The 
transportation expense of getting th® oil to market Increases 
the eost which moat be covered by market price before the de­
sired quantity will be produced. However, ocean transporta­
tion has the earmarks of a decreasing cost Industry, es­
pecially when the commodity being hauled Is of a specialised 
nature. The special equipment required to transport tung 
oil constitutes a fixed cost which decreases per unit in 
proportion to th# volume of business handled. Condition® 
of decreasing cost do not reduce price-elasticlty of supply.
Political and military conditions in China and other 
countries of the Far East have a direct effect upon quanti­
ties of goods exported. Chinese exports of tung oil to the 
United States dropped to a very low level during World War 
II, thus causing the market price la th® United States to 
be at an all-time high. Exports Increased during the post­
war period in the face of declining prices. It is clear 
that political disturbances do have some effect upon the 
flow of export goods from China. The extent of th© effect 
is difficult to determine because of th© frequency of occur­
ence in the past and the apparent uncertainty of th© future* 
It does seem logical, however, to conclude that great effort
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will be made to export as much tung oil from China as possi­
ble in the future regardless of what party or group is In 
power. This commodity Is China’s most important item of ex­
port and its primary means of obtaining currency balances 
abroad. For this reason, it would not be sound policy for 
the tung oil industry In the TJnited States to depend upon 
the persistence of political disturbances in China to main­
tain a low rate of tung oil Imports into this country.
Summary and Conclusions of Elasticity Factors
In the preceding section the underlying forces de­
termining supply-elastiolty of Chinese tung oil were con­
sidered. No attempt has been made to include all possible 
factors which hare some bearing upon elasticity. Instead, 
only those factors having the greatest effect upon supply- 
elastloity of this particular commodity are included. Some 
of the factors listed above have a positive effectj while 
others have a negative effect. Those having a positive 
effect tend to increase supply-elastiolty, and those having 
a negative effect tend to make the supply curve more inelas­
tic. These factors may be classified and evaluated collec­
tively to asoertain an estimate of the nature of the supply 
curve for the entire industry.
Positive Factors:
I. A relatively large portion of the producing 
tung trees in Qhina has reached a mature age.
1. The effect of opportunity factor cost and 
the principle of dljainlshlng returns upon
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coat curves is negligible
2. Out-of-pocket oost is the primary determinant 
of the individual cost curve
3. Factors 1 and 2 produce conditions of constant 
oost and inject a high degree of elasticity 
into oost curves
B. Chinese tung oil is obtained from uncultivated trees
1. Variable cost of cultivation is unnecessary
2. Fixed cost of investment in machinery and equip­
ment for the individual producer is negligible
3. Out-of-pocket oost of harvesting determines 
reservation prioe of tung nuts at a constant 
or uniform level
4. A series of constant cost curves produces an 
elastic oost curve for the industry
C. Chinese tung oil is produced by crude methods
1. A great amount of unskilled labor is used in 
harvesting and processing operations
2. An abundance of unskilled labor and use of small 
amount of machinery produces oonstant cost 
curve and relatively elastic supply
II. Negative Factors
A. Chinese tung producing area is located in the in­
terior
1. Variation in location of individual producers 
causes individual cost curves to vary in ampli­
tude
2. Costs tend to vary directly with distance of 
producer from market outlet
3. A series of individual oost curves conditioned 
by looation factors produces a condition of 
increasing oost for the industry
4. An increasing industrial cost curve renders 
supply to be inelastic
B. Transportation requirements constitute a major pro­
blem for the Chinese tung oil industry
1. Transportation oost varies directly with trans­
portation needs - variable cost.
2. High and low variable oost producers in the same 
industry produce an increasing cost curve for 
the industry3. An increasing oost curve for the industry tends 
to make supply inelastic
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c Chinese tung oil is produced primarily for foreign 
markets
1. The oil is transported in specially equipped 
steamers
2. Cost of special equipment is a fixed oost for 
steamship companies
3. High fixed cost tends to produoe an elastic 
supply when prices are rising and an inelastic
supply when prioes are falling
If eaoh of the foregoing factors affected supply- 
elastioity to the same extent and all other possible fac­
tors oould be excluded from having any bearing upon sup­
ply, the positive and negative faotors would nullify each 
other. There would be no net change in the elasticity ofIsupply as a result of the underlying factors. That, how­
ever, is not the case. It may be reoognised readily that 
no pair of positive and negative faotors necessarily have 
the same effect upon supply elasticity. On the other hand,
the apparent superiority of the positive factors consti­
tutes very strong evidenoe that the collective strength of 
these factors is greater than the collective strength of 
negative faotors. Deductively, therefore, the most logical 
conclusion is that the supply of tung oil imported from 
China is relatively elastic. No quantitative value may be 
obtained by this method of analysis, nor is it necessary for 
this study. More exact values may be assigned to the con­
cept of time-elasticity in the following seotion. 
Tlme-elastlcity of Imports from China
While the concept of prioe-elasticity of supply refers 
to the quantitative responsiveness of supply to changes in
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price, the concept of time-elasticity refers to the period 
of time required for adjustments to be made in supply as a 
result of a change in prioe. Time-elasticity of supply is 
very important in situations wherein two or more goods may 
be used interchangeably in the manufacture of a primary 
product. It is especially important in the field of com­
mercial drying oils. As a general rule, the product which 
has the shortest time-elastioity is in the most favorable 
competitive position. When prices are rising, the com­
modity with short time-elastioity can expand output and take 
advantage of a preferred market; and when prices are fall­
ing, that same commodity can make the necessary adjustments 
in supply and maintain a higher and more stable price than 
the substitutes which have a longer time-elastioity.
The time-elastioity of tung oil produced in China 
is shorter than that of tung oil produced in the United 
States. This salient fact arises out of differences in 
production methods employed in the two countries. The 
longest supply period associated with the Chinese method 
of production is comparable to the short-run period in the 
United States, which is one year or less. It is similar, in 
some respects, to the market-supply period in the United 
States. It may be recalled that the long-run supply of tung 
nuts includes quantities produced by additions to orchards 
and increasing the number of producing trees. The time re­
quired to effect an increase in supply is at least three
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years, and the average total oost curve becomes th® supply 
curve In the long-run. In China, where tung trees grow 
wild, no ohang® in the number of producing trees takes place 
through the efforts of individual producers. Long-run sup­
ply is a static oonoept, remaining constant as prices go 
up and down. When market prices fall below out-of-pocket 
oost of harvesting and marketing, the nuts become submargi- 
nal and go unharvested to waste away in the groves. The 
oost significant change in supply is of a short-run oharac- 
ter. When prices rise above out-of-pocket oost, the con­
nection between prioe and oost Is broken. The time required 
to effect a fundamental change in supply is limited to the 
time required for existing trees to yield a new crop plus 
the time required for the orop to be harvested and placed 
on the market. When prices are high, extra effort is made 
to gather more nuts. When prices are low, submarginal 
nuts remain ungathered. Under conditions of pure competi­
tion, the supply of goods produced In this fashion becomes 
infinitely elastic and the time required for elasticity to 
develop is limited to a maximum of one year when prices rise 
and to a few weeks when prices fall.
The time-elasticity of Chinese-produced tung oil is 
in contrast to that of domestio oil. The Chinese oil has 
a time-competitive advantage of at least £ to 1 in a rising 
market. When additional quantities of oil are demanded in 
the United States and prices rise accordingly, the additional
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quantity required to satisfy the demand may be obtained 
from Chinese sources before American producers can increase 
output through orchard expansion. Th© long-run supply of 
the American producer must compete with the short-run supply 
of th© Chinese producer.
The above conclusion can b© strengthened very force­
fully by use of data. There are two quantity series in the 
table below. The first column contains quantities of tung 
oil imported from China annually during the post-war 
period and the second column contains quantities produced 
annually in the United States during the same period.
Table XXIV. Imports from China and Domestic Factory 
Production of Tung Oil, 1944-1949
Year
Imports from China 




1947 121,105,173 18,680,0001948 129,578,355 16,837,0001949 52,392,000 19,465,000
Souroe: Compiled from Census Reports, Bureau of Census,
United States Department of Commeroe.
Chinese exports of tung oil declined to a very low 
level during the war and ceased completely during 1945. Dur­
ing the first post-war year, 1946, exports immediately in­
creased to the level of the early war years. At the same 
time, United States production was very high as a result of
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orchard expansion of prior years. During the second post­
war year, 1947, imports from China increased by approximately 
350%; whereas, the domestic supply increased by less than 
15%. in other words, Chinese producers were able to restore 
production to a normal level within a period of leas than 
two years and reap the benefit of a favorable market; while 
Amerioan supply was less responsive to that same market. 
Because of the short time-elastioity of the Chinese supply, 
that oil can glut the market before the United States sup­
ply can reach the market with its longer time-elasticity. 
Imports from Latin America
Even though very small quantities of tung oil have 
ever been imported into the United States from sources in 
Latin America, the possibility of oil from that region be­
coming a serious competitor of domestic oil merits inclusion 
of it in a long-run economic analysis of the tung oil indus­
try in this country. Brazil, Paraguay, and Argentina are 
the principal producing countries and, in many respects, the 
situation in those countries parallels that in the United 
States. First of all, both Latin America and the United 
States are high-cost tung producing areas. Soil and climatic 
conditions prevent tung trees from growing as freely and as 
abundantly in Latin America as they do in China, the most 
natural source of tung oil in the world. The area of suc­
cessful production is confined to the southern part of Bra­
zil, Paraguay, and northeastern Argentina which corresponds
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to the latitudinal position of the producing area in the 
Uhited States. The lack of a natural habitation makes it 
neoessary for tung trees to be grown in well-cultivated 
orchards. This requirement results in a cost strueture 
similar to that of nuts grown in the United States. The 
prioe-elastloity of supply, therefore, is not greatly dif­
ferent from domestically produced tung oil.
The second point of similarity between the tung 
growing practices of la tin-American countries and the United 
States is that the orchards in each area are relatively 
young and are expanding. Demand for tung oil in excess of 
normal short-run supply is satisfied only by expanding or­
chards and increasing long-run supply. The expanding pro­
cess is similar in both areas. The time required to effect/■
a change in supply is about the same. Time-elastioity of 
Latin-American tung oil is very similar to that of domes­
tically produced tung oil.
PRODUCING LINSEED OIL
Outside of the field of specialized uses, linseed 
oil probably is the most serious competitor of tung oil.
It possesses qualities which make it useful for a wide 
variety of purposes, and it is one of the most firmly es­
tablished drying oils on the market. As a competitor of 
tung oil, therefore, its ability to maintain a prioe ad­
vantage is of major importance. In keeping with the method
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of approach employed in other chapters, the problem of rel­
ative prioe determination of linseed oil may be approached 
from the standpoint of supply-elastioity.
Prioe-elastloity of Supply
Linseed oil is obtained from the seed of the common 
flax plant whioh is grown commercially for the seed and for 
fiber. There are two different types of the common variety 
ef the plant. One has been developed for high seed yield} 
whereas the other yields a high quality of fiber. The plant 
pay be grown under different climatic conditions, but it is 
grown successfully in the temperate regions. It is grown 
ohiefly for seed in Argentina, India, United States, and 
Canada.^ Argentina is the principal exporting country.
It is grown extensively in Russia for both the seed and 
fiber.
The principal flax-producing centers in the United 
States are situated in Minnesota, North and South Dakota, 
and California. In Minnesota and the Dakotas, the produc­
ing units are small and high in number; and the flax farms 
appear to be larger in California. The great number of pro­
ducing units and homogeneous quality of flax seeds results 
in a market situation for the producers resembling pure com­
petition. Ordinarily, the industry oost curve for
^  Encyclopaedia Brltannioa. IX, (1946), p. 364
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agricultural commodities is U-shaped and, under conditions 
of pure competition, prioe and output are determined by the 
equating of supply and demand. However, the high degree of 
mechanization of growing and harvesting flax seeds stimu­
lates mass production and decreasing oost at high levels of 
output. The attainment of mass production modifies the 
oonventional cost curve and makes supply more elastic as 
prioe rises and output is increased. Under the present con­
ditions of technology, this factor constitutes strong evi­
dence that prioe-elasticity of flax seed is greater than that 
of tung nuts. Harvesting of tung nuts is less mechanized 
than the harvesting of flax seed.
Time-elastioity of Supply
Flax is an annual orop whioh means that the time re­
quired to produce a orop is limited to one year or less and 
that only one orop may be obtained from each planting. The 
maximum time required for the plant to grow to maturity 
ready for harvest is four to five months, depending upon the 
area in which it is planted. "In Argentina, India, and 
California, flax is sown in the fall and matures about five 
months later. In Canada and the North-Central states, it is 
sown in the spring and ripens in about 100 to 120 days."
1 s Encyclopaedia Brltannioa. op. cit., p. 364
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The long-run supply of flax seed, therefor®, may be ©hanged 
within a period of five or six months. This conclusion is 
valid even when supply is limited to domestic production.
When price is expeoted to rise or remain at a high level, 
producers in California may increase acreage in the fall 
whioh would increase the quantity coming to market in the 
spring, and producers in North-Central states may increase 
acreage in the spring and effect an increase in long-run sup­
ply in the fall. Unlike tung growers, flax growers can de­
crease acreage and make the necessary changes in supply with­
in a very short period when the market is unfavorable and 
the prioe is expeoted to fall. The time-elastioity of lin­
seed oil is less than the time-elastioity of tung oil by a 
ratio of at least two to three. The time advantage of lin­
seed oil gives it a competitive advantage from the stand­
point of production of great importance. Under conditions 
of shifting demand and increasing prices for drying oils, 
production of linseed oil may be increased quickly; and 
the market is glutted by the time long-run supply of tung oil 
is increased. The prooess is reversed when drying oil prices 
are falling.
Time-elasticity is related so closely to what is 
known as shifts in supply that the two concepts may be con­
fused easily. Oareful distinction between the two is im­
portant at this point. Changes in supply which take plaoe 
from one production period to another are referred to as
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supply shifts. It is a change In the schedule sense.
Greater quantities will be offered at th© same price or the
same quantity will be offered at a lower price. On th®
other hand, time-elastioity refers to th® time required for
the shift to take place.
The effeot of a short time-elasticity may be illus­
trated by the following price-produotion series for linseed 
oil.





Average Annual Price 
(cents Der Dound)
1940 606,246 9.71941 868,116 10.7
1948 960,248 13.31943 917,447 15.6
1944 936,560 15.6
1945 526,002 15.5
1946 579,899 19.91947 456,153 34.3
1948 726,033 29.7
1949 744,502 27.8
Source: Compiled from Bureau of Census, United States De­
partment of Commerce,
The most significant development ocourred in 1945. 
Linseed oil producers were able to avoid an anticipated de­
cline in market prioe by registering an Immediate deorease 
in production. In addition, output decreased in the face of 
an inorease in prioe. The short producing period assisted
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producers in reduoing ■war-time excess capacity to the pre­
war level. The situation was reversed in the case of tung 
oil. Tung growers were not able to adjust output below 
war-time requirements.
Other Drying Oils
Other drying oils of vegetable origin offer a simi­
lar type of competition to tung oil, differing only in ex­
tent or degree. Oitioio® oil is reported to be th© most 
perfect substitute for tung oil, but it does not have a 
competitive advantage from the standpoint of production.
It is obtained from nuts grown on a perennial plant in Bra­
zil. The time-elasticity of supply is very similar to that 
of tung oil. An outstanding disadvantage of oitieiea oil 
is its limited supply. It is produced in Brazil only.
Soybean oil is obtained from annual crops having 
production features similar to linseed oil.
Summary and Conclusions of Supply
From the standpoint of production, tung oil occupies 
a disadvantageous position in respect to most of the other 
commercial drying oils. There is strong evidence that, in 
the long-run, the quantities of tung oil being offered for 
sale in the market are less responsive to changes in price, 
both as to quantity and time, than th© other principal dry­
ing oils. With an increase in the prioe of drying oils, 
there is a tendency for the subsequent increase in quantities 
of other drying oils to be in excess of th© increase in tung
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oil. Tung oil is less responsive to ohanges in prioe. In 
the long-run. Its supply is less elastic.
It has been shown that tung oil has the longest pro­
ductive period of any of th© competing oils, with the ex­
ception of oitioica oil. The time required to bring about 
a change in supply is in excess of that of competing oils.
Its time-elastioity is greater than that of other oils.
Therefore, when prices are high and the market is 
good, tung producers bring their product to the market too 
late and in quantities which are too small relative to 
competing producers. Chinese tung producers and domestic 
producers of other drying oils are able to bring greater 
quantities to the market at an earlier date. They glut the 
market by the time tung production is Increased.
When prices are decreasing and the future market is 
expected to be unfavorable, tung producers are unable to 
contract production. Instead, they maintain the former high 
level of production and accept a decrease In price. On the 
other hand, producers of substitutes are able to reduce out­
put within a maximum period of one year and, thereby, avoid 
a price reduction to some extent.
The effect of supply-elastloity upon commodity price 
movements may be illustrated graphically by a oobweb theorem 
arrangement. The price-quantity movements oreate a chronolog­
ical curve whioh spirals inward or outward. The curve is 
constructed against a background of special supply and
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demand curves. The demand curves are purely hypothetical 
and for that reason they are drawn in the shape of a 
straight line and with the same degree of elasticity for 
each demand curve. The supply curves are not intended to 
be aocurate, but they do represent the condition of sup­
ply of the various commodities in a relative sense. The 
demand curves represent the relationship between the quan­
tities purohased in any one period and the price at which 
that quantity is purohased. The supply curves represent 
the relationship between the price in any one period and 
the quantities which will be produced at that price in the 
following period.16 Supply elasticity of perennial crops 
is not reversible and, for that reason, the vertical lines 
dropped from the supply curve fix a limit to output reduc­
tion and cause the price to continue downward to equili­
brium.
16 Kenneth 1. Boulding, Economic Analysis: New York; 
Harper and Brothers Publishers, 1941, p. 178.
CHAPTER VIII
ECONOMIC ASPECTS OF DEMAND FOR T O O  OIL
The uses of tun® oil were presented in Chapter V, 
in which it was shown that the oil is used by industrial 
consumers as a raw material in the preparation of a 
variety of coating materials and related products* The 
prinoipal consuming Industries were shown to he (l) the 
paint and varnish industry, (£) the oilcloth and linoleum 
Industry, and (3) the printing ink industry. Other minor 
uses of the oil have been developed} and research facili­
ties of the industry, governmental and private, constantly 
are directing their efforts toward expanding market out­
lets. Up to the present time, the collective influence of 
the minor uses has not been substantial. It now becomes 
necessary to consider demand further and to determine what 
effect it has on price, What is the market situation in 
which tung nuts are sold? What is the market situation in 
which tung oil is sold? What is the nature of the demand 
for drying oils? These questions indicate some of the 
points of inquiry which need clarification In an analysis of 
the demand for tung oil. However, a brief presentation of 
some of the common market situations is mad© as a prelude 
to the presentation of demand for drying oil®.
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A business unit which is only one of a great number 
producing homogeneous products and offering them for sale 
in the market is said to b® operating under conditions of 
pure competition. Pure competition may be identified by 
the existence of two conditions, namely, (l) competition is 
on a prioe basis and (2) the individual seller is incapable 
of affecting price by changing output. The first condition 
arises out of the uniformity of the products being sold and 
"it is assumed that the only element which will cause a 
buyer to prefer one seller t& another is the lower prloe."i 
The second condition specifies the relative abilities of 
the sellers and required "that the amount of the product
is* sais. b£ J&® iMUlw. m U sjl mpMMto m k
a small proportion of the total supply that any change in 
the amount which he sells will not affect the price." 2 
Monopolistic Competition
Monopolistic competition is a type of market situa­
tion which inoludes many conditions in which competition is 
less than pure and greater than it would be under pure 
monopoly. It nllea somewhere between oom^etit^on t̂ OR
1 Lewis A. Frosaan, Principles Q l |S2Mai£a» (de­
vised Edition; Chioago: Richard Z>. Irwin, Inc., 1946),
p. 373.
S Ibid.. p. 374.
u o
Ml S M  MM» «M m s  monopoly. o& Ml SB2£*M 5 âok of 
homogeneity of products feeing offered in the market gives 
rise to a condition of monopolistic competition. Methods 
of differentiating products fey sellers are many and, because 
it is diffioult sometimes to distinguish monopolistic from 
pure competition, two features may fee used as a rough guide 
in making the distinction. First, advertising fey the sel­
ler of the product in question is a good indication that 
he is attempting to differentiate his product from other 
similar ones. Under pure competition, there is little need 
for advertising because the products are homogeneous.
Second, prioe quotations may fee Indicative of the type of 
market. Under pure competition, the prioe tends to move 
slightly, indicating that price is the object of competi­
tion. Under monopolistic competition, from time to time the 
price quotations tend to vary to a greater extent, indicat­
ing that the quality of the product is feeing emphasised.
Two results of monopolistic competition are considered to be 
of considerable value in an economic analysis of bung oil. 
first, the demand is leas elastic than under pure competi­
tion and the demand curve, instead of feeing horizontal, 
slopes downward and to the right. Second, "the prioe la in­
evitably higher and the scale of production inevitably
3 Ibid.. p. 381
101
smaller under monopolistic competition than under pure 
competition." 4
iarfeet Situation in Which Tuna Nuts are Sold
Tung nuts ar® marketed through two different chan­
nels. First, those tung growers who elect to dispose of 
their nuts at the time they are brought to the mills sell 
directly to the mill owners. The growers are paid the 
current price for tung oil on the basis of the percentage 
of oil contained in the nuts which they offer for sale. 
Second, those tung growers who desire to place their oil 
in a marketing pool do not sell the nuts to the mill owners. 
Instead, they hare the nuts processed on a fee basis and 
place the oil obtained from the nuts in a marketing pool 
under the care of a manager who has the authority to dis­
pose of the oil at a later date.
The conditions under which tung nuts are sold 
through the first channel suggest the existence of pure com­
petition. The practice of mill owners of buying tung nuts 
on the basis of oil content reduces the product being sold to 
a uniform quality and places competition on a prioe basis. 
There were 4,160 tung growers in the United States in 1945.5 
With only about one-half of the growers electing to sell
4 Id ward H. Chamberlin, Thg, Theory £f Monopolistic 
Competition (Cambridge: Harvard University Press, 1946),
p. £M§.
5 United States Census of, Agriculture, 1945, o£.&it. *
p, 535.
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tung nuts directly to the mill owners, It seems reasonable 
to conclude that individual sellers are unable to influence 
the price of tung nuts by changing the quantity which they 
offer for sale* Competition on a price basis and lack of 
ability of individual sellers to influence price by changing 
output suggests a condition of pure competition. An oligop­
sony situation exists la some areas of the tung belt.®
There are only thirteen operating mills in the domestic tung 
oil industry. The mill owners are buyers of tung nuts, and 
such a small number of buyers suggests an oligopsony situa­
tion. The oligopsony element is intensified by geographical 
considerations. Some of the buyers are located a great dis­
tance from other buyers. Within isolated areas, the sellers 
have very little alternative but to sell to the local buyer. 
Thus, an oligopsony condition may exist within limited areas 
of the tung belt.
Tung oil, which is owned by tung growers and mill 
owners, is placed on the market through marketing-pool mana­
gers. It is probable that an average of two marketing pools 
are located at each of the processing mills, making a total
® Oligopsony has been referred to as "the presence of 
a small number of buyers.” and ”... the basic feature charac­
teristic of all forms is the fact that the buyers ar© aware 
that the volume of their purchases will affect the market
The Market Situation la Which Tung Oil is Sold
price.” (see John F. Due, Intermediate Eflgflgaifl M M I  
{Chicago: Biohard D. Irwin, Inc., 1950),pp. 75-76).
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of about twenty-six tung oil sellers in the entire industry 
in the United States* Tung oil brokers are the buyer® of 
tung oil, and it appears that the number of brokers en­
gaged in buying tung oil is limited to five or six* Such a 
small number of buyers and sailer© tends to reduo® competi­
tion and to create a oondition of oligopsony. The existence 
of an oligopsony element in the market in which tung oil is 
sold tends to reduce the prioe below what it would be under 
conditions of greater competition.
The Ha tore of the Demand for Drying Q u a
By developing the analysis further and moving nearer 
the point of ultimate consumption, the nature and signifi­
cance of the demand for competing drying oils becomes clearer. 
The greatest portion of commercial drying oils is consumed by 
manufacturers in the preparation of Coating materials* Small 
quantities of some oils are used by individuals in mixing 
paints for immediate use. However, such consumption by in­
dividuals is negligible and has very little effect upon 
total demand. Consequently, this analysis is limited to in­
dustrial consumption.
The character of demand for a commodity Is very use­
ful in determining the effeot of price changes on the quantity 
which may be sold. The "first law of price" may be stated 
as follows! "In general, the quantity of any good wh oh 
people are ready to buy varies inversely with the price of
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that good.” 7 This economic principle refers to elastic­
ity of demand and may be interpreted to mean that as the 
price of a good decreases the quantity which people are 
ready and willing to purchase inoreases. Sometimes it is 
referred to as the Law of Demand when demand is considered 
in the market sense, rather than as a schedule of prices 
and quantities. Elasticity of demand, therefore, is of 
considerable importance in studying the competitive posi­
tion of a commodity for which substitutes exist.
The total demand for drying oils is contingent upon 
the demand for oil-containing produots* In general, the de­
mand for such products depends upon the rate of construction 
and the level of industrial activity. The first significant
fact, therefore, affecting the demand for drying oils is that
it is a derived demand. 8 People who buy drying oils do not
do so for their own sake. Oils are bought since they are
useful in producing other goods for whloh there is a demand. 
Derived demand has certain important features. In the 
first place, the intensity of demand depends upon the 
expected demand for the products of consuming industries
7 Fred R. Fairchild, Edgar S. Furniss, and Normas S. 
Buck, Elementary Economics (4th ed.: New York: The Mac­
millan Company, 1339), p. 164.
8 Boulding, op clt., p. 220.
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An expected rise in the demand for oil-containing products 
will cause a rise In the demand for dry in*? oils. A rise In 
the demand for drying oils, according to the law of Supply 
and Demand, causes a rise in the prioe of drying oils. A 
riae in prices causes an increase in production of oils in 
proportion to the relative elasticity of their respective 
supplies. In this way, the prices of drying oils ere re* 
lated very closely to the business cycle and the genersl 
level of industrial activity.
The second significant feature of derived demand is 
that the more elastic the demand for the finished product® of 
the oil-consuming industries, the more elastic is the demand 
for drying oils likely to be. 9 On the other hand, the more 
inelastic the demand for paints and other products contain** 
ing drying oils, the more inelastic is the demand for dry­
ing oils likely to be. This statement is derived from the 
assumption that if the price of the product from which de­
mand is derived is reduced, greater quantities will be de­
manded and also greater portions of drying oils will be 
demanded by consuming manufacturers.
The third distinguishing feature of derived demand is 
based upon the relative contribution to the finished product 
of the constituent raw materials. The greater the contribu­
tion of the raw material to the finished product, the more
9 Ibid.. p. 222.
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elastic is the demand for the raw material likely to be. 
Drying oil constitutes only about &Q$ to B5% of the mate­
rial used in preparing paint. Drying oil contributes a 
relatively small amount to the final product and paint, in 
turn, contributes a email amount to the total of buildings 
and constructions to which it ia applied as a coating ma­
terial. A fall in the price of drying oil® oauaes little 
change in the prioe and output of the paint and varnish in­
dustry and a fall in the prioe of paint and varnish his less 
effeot upon the level of industrial activity. This factor 
alone tends to make the demand for drying oils inelastic*
The conclusion from the above discussion of the na­
ture of derived demand is that the total demand for drylhg 
oils tends to be inelastic. This Is evidenced very strongly 
by the last feature disoussed. There also is evidence that 
the demand shifts directly with the level of national Income 
and industrial activity.
The demand for individual drying oils is likely to 
be quite different from the demand for drying oils in general. 
They may be leas elastic, more elastic, or similar in elas­
ticity. For some general uses, drying oils constitute rival 
supplies for the general purpose products. "When two or 
more producers* goods compete among themselves to supply the 
same consumer’s goods, ... they are said to constitute rival
16?
supplies... * 10 Ooods which are produced under condition* 
of rival supplies give riae to the effect of substitutions 
upon demand and prices. "The better, end the cheaper, the 
substitutes for a factor of production, the more likely i® 
it to have an elastic demand." H  The existence of substi­
tutes for a good in the fora ©f rival supplies causes its 
demand ourve to be more horizontal than it would be other* 
wise; and when the demand for the good la question in­
creases, its prioe may not rise as high as it would have had 
the substitute not been available. In the field of drying 
oils, substitutes are usually available and are effective in 
maintaining a relationship between prices. When the demand 
for tung oil increases, the existence of oltioloa and castor 
oil prevents its price from rising as high as it would go 
if those substitutes had not been available. However, there 
are some instances in which tung oil is used for drying pur­
poses almost exclusively because of special requirements and 
lack of availability of other oils which do meet those re­
quirements. Special purpose varnishes which are designed to 
meet technloal requirements of industry way require tung oil 
only because of its superior qualities for that particular
Frederic 3. 3arver and Alvin H. Hansen, Principle.® 
of Economies {Revised Edition; New York; Ginn and Company, 
T337), p. 137.
11 Bouldlng, 0£. eit.» p. 223.
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purpose. The electrical industry usee varnishes and other 
ooating material because of its peculiar diaiectric proper­
ties. Other industries may prefer tung oil-containin® cost­
ings because of high waterproof requirements. Some users of 
coatings prefer tung oil because of the durability of the 
film. Whatever the basis of the preference m y be, the coo- 
noale significance is that it produces a less elastic demand 
curve for the type of consumer In question, reduces purchases 
below what they would be for the same price with a more elas­
tic demand, end increases the price of tung oil paid by the 
consumer to the coating manufacturer. It is of Interest to 
note at this point that tung oil is bought under conditions 
approaching pure eoapetlblon and sold under conditions of 
monopolistic competition based on differentiated products.
The fact that tung oil is used not only for special purposes 
requiring qualities of technical superiority but for 
general purposes where ordinary drying qualities are re­
quired suggests conditions of rival demands. "When two or 
more different finished goods require the same factors of 
production, the demands of consumer® for these finished 
goods are said to be rival demands for the agents used in 
producing them.* 12 This combination of market situations 
presents a complex problem of analysis. The problem of 
rival demands la ooneiderad first.
^  Qarver and Hansen, op. Pit.. p. 170.
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Tung oil away be used for several different purposes, 
but ite use for some purpose® is more important than for 
others. The least important use for which it may be em­
ployed profitably is oalled it® marginal use. In the prep­
aration of underwater paint and varnishes for the electrl- 
oal industry, a small amount of tung oil is very useful and 
valuable because of its good waterproof and dielectric quali­
ties. The employment of the oil for these purposes probably 
constitutes its most valuable use. The use of tung oil in 
conjunction with other drying oils in manufacturing linoleum 
or general purpose paint probably constitutes its least im­
portant use. The use of the oil in manufacturing these 
produots say be dispensed with and other oils used instead.
The least important use of tung oil constitutes its marginal 
use which may be defined as that employment of tung oil 
which would be discontinued first if Its price should rise. 
The prioe of any good for which there are rival demands tends 
to agree with its value in its marginal use. ... its marginal 
use sets the price for the entire market.” The market 
price of tung oil, therefore, tends to be determined at any 
time by the value of its marginal use. The value of Its mar­
ginal use, in turn, Is determined by the quantity being of­
fered in the market and the amount taken by ail consumers.
13 Îbid.. p. 180.
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When products containing tung oil are sold under con­
ditions of monopolistic competition, the demand for those 
products is less elastic than under more competitive condi­
tions, The extent of elasticity depends, to some extent, 
upon the peculiar qualities of tung oil and the desires of 
those who purchase the oil. Manufacturers of tung-oil-eon- 
taining products are la a position to create a separate de­
mand for their products when suitable substitutes are not 
available to consumers. In markets where finished products 
are purchased for ordinary coating purposes and substitutes 
are not readily available, manufacturers are compelled to 
accept the market price fixed by the supply of and demand 
for all drying-oil products suitable for ordinary coating 
purposes. If the manufacturers attempt to sell at a price 
higher than the market price, they will make very few sales; 
and at a lower price, sales would be great, Ilastioity of 
demand is very great. "By creating a separate demand for 
his produot, he is enabled to charge a price higher than the 
market price...." 14 By creating a smaller but separate de­
mand based upon quality of the product, the seller finds 
demand to be more intense and less elastic than in the more 
competitive market. Tung oil probably la more suitable for 
oreating a separate demand than other oils, lor some
14 S. A. G. Robinson, The Structure of Competitive 
industry (Hew York: Pitman Publishing Corporation, 1948),
p .  8 .
m
purposes there is no substitute for tung oil. Chemical re­
search has not been able to produce a substitute. "No one 
has yet made a synthetic tung oil, and If they do, what of 
it'r" "'his does not mean that none of the other oils 
possess qualities capable of commanding a separate market. 
Linseed oil is reported to be mor© suitable than tung oil 
for making the most common types of linoleum because it 
forms a more flexible film. It is possible for a separate 
demand to be established for each of the drying oils. The 
Important thing is that these separate demands are likely 
to be limited and that substitutes may be used interchange­
ably by changing the formulas by which the coating materials 
are prepared.
3uoaary and Conclusion
The various market situations found in all phases of 
the distribution of tung oil and tung-Qil-oontaining products 
were presented in the previous section. Tung oil, which is 
sold by the producers to mill owners, is sold under conditions 
approaohing pure competition. The processed tung oil pro­
duced in the United States, which is distributed by mill 
owners through dealers, is marketed under conditions approach­
ing oligopsony, with sellers of domestic oil competing with
15 Frances Scofield, "The Competition of Synthetic 
Oils with American Tung Oil"’, Proceedings. Thirteenth Annual, 
Convention of American Tung Oil Association. Pensacola, 
Florida, (May 1, 1947), p. 89.
m
a Halted number of dealers in tung oil fro® foreign coun- 
trles. The demand for domestic oil appears to be slightly 
less elastic than it would be under more perfectly com­
petitive conditions.
The marketing of finished products mode from drying 
oils gives rise to a composite of complex market situations. 
In general, the many products containing drying oils are 
marketed under some type of monopolistic competition. The 
quality of the product and the purpose for which it is de­
sired determine the shape of the demand curve for each type 
of product. Because of the peculiar qualities of tung oil, 
the demand for products containing this oil differs from 
that of products containing other oils* In general, the 
demand for products made from tung oil appears to be less 
elastic than that of products made from other drying oils 
when prices of drying oils are high. When drying oil prices 
are low, it Is probable that the degree of elasticity of com­
peting oils is about the same.
A significant thing about the demand for all drying 
oils is that It is an indirect or derived demand. It is 
derived from the demand for finished products in which it I® 
used as a raw material. The demand for drying oils is de­
rived from the demand for producers' goods which is derived 
from the demand for a variety of consumers' goods. Several 
peculiar features of the arrangement indicate that the com­
posite demand for drying oils is relatively inelastic.
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By isolating the various aspect® of demand further, 
it was pointed out that the demand for each type of drying 
oil considered separately is not only a derived demand hut 
constitutes rival demand as well. The existence of rival 
demands reduces the elastleity of the demand ourve for eaoh 
product as a result of substitutes* The peculiar qualities 
of tung oil give it a competitive advantage when prices 
are high and output is limited. The competitive advantage 
tends to disappear with greater output and lower prices* 
Changes in the Demand for Tuns Oil
The types of demand for competing products and a com­
parison of the degree of elasticity found in the demand for 
each product do not offer a complete explanation of the im­
portance of demand in determining the price movementa of a 
commodity. Changes in demand are of particular importance*
At this point in the analysis of tung oil, therefore, a dis­
tinction must be made between the elasticity of demand and a 
change or shift in demand* The effeot of a change in demand 
upon the prioe of tang oil is presented following the distinc­
tion between the two concepts. 
glaatlclty versus Change De®SM
Elasticity of demand may be defined as "the extent to
which a change in prioe will affect the quantity of a good
that will be purchased." Id The Law of Demand states that
James 1. Dodd and C. VvT. Hasaek, Eoonomlosi Princi­
ples and Applications (New York: South-Western PublishingpTsrf:
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"In general, the quantity of any good which people are 
ready and willing to buy varies inversely with the prioe of 
that good." Both statements refer to the concept of 
elasticity and may be summarized, as follows; iJlastiolty of 
demand is the extent to which a change in the price of a 
good oauses an inverse change in the quantity which people 
are ready and willing to buy. Theoretically, the concept 
refers to an instant of time when only one price and one 
quantity are known. At the same time, there is a series of 
other simultaneous possibilities of different quantities 
being purchased at different prices. The total of all possi­
ble pairs of prices and quantities is known as a demand sohe- 
duel. The concept of elasticity of demand refers to the ex­
tent of change in the quantity of a good purchased by 
consumers as a result of an inverse change in the price of 
that good.
On the other hand, by a change in demand is meant
a shift in the entire demand schedule. A change takes plaoe
when people are ready and willing to purchase a different 
quantity of a good at the same price as formerly or to pay 
a different prioe for the same quantity. An increase in de­
mand is said to take place when buyers decide to increase the 
quantity taken at a given prioe and to decrease when they de-
oide to take a less quantity at the same prioe.IB
17 Fairchild, Furniss, and Buck, op. cit,., p. 164
18 Froman, op. Pit.. p. 285-86.
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The distinction between elasticity and changes in 
demand may be illustrated by the use of schedule® end graphs. 
The following table represents a series of actual and assumed 
possible prices and Quantities of tung oil purchased at a 
certain time in 1944, as well as a series of actual and as­
sumed quantities for 1946 representing a new demand schedule.
Table XXVI. Demand Schedule for Tung Oil, 1944 and 1946























1 Tate and Oils, Bureau of Census, tTnited States Depart­
ment of Commerce.
Elasticity refers to the change which takes place 
in each quantity schedule ae a result of a change in price.
As the price increases the quantity demanded decreases, and 
as price decreases the quantity increases. The relationship 
is inverse. Prioe is the cause and quantity is the effect.
The demand curve, line I'D, representing prices and quantities 
of the original demand schedule la plotted on Ohart 5.
Assuming that no change takes place In price or supply 
a change in demand la represented by a shift in the schedule of
::::::::::::::::::::::::::::
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quantities purchased. Greater quantities are purchased at 
each price. The new demand ourv®, showing the change in 
demand, is indicated by line dd in Chart 3.
The effect of a change in demand is that the price 
varies directly with changes in demand and that a change in 
demand causes a change in price. An increase in demand 
causes an Jnorease in price and a decrease in demand causes 
a decrease in price.
What has been said about demand holds true for 
supply with the exception of one modification, la the case 
©f supply-elastioity, the relationship is direct. An increase 
in the price of a commodity,, other things remaining unchanged, 
causes an increase in the quantity offered in the market. As
to changes in supply, the relationship between supply and
price is inverse. A change in supply causes an Inverse change 
in prioe.
elasticity versus Changes in Su^pJj;
As this analysis progresses, the question of supply
appears to be an economic factor of increasing importance in
influencing the price of tung oil. The importance of supply
is of even greater significance when it is considered in a
relative sense. The relative inelasticity of supply, both
as to prioe and time, was shown to be a contributing factor
to the downward spiral of the price of tung oil in 1946.
Also, it has been shown that changes in supply contributed
to subsequent price declines of that commodity. It is im­
portant, therefore, that a distinction be made between these
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two concepts end that the effect which they have upon price 
he shown.
Elasticity of supply has been defied as wthe ratio 
of the relative charge in the quantity supplied to the corres­
ponding relative change la pr ,oe, when the relative changes 
•re infinitesimal." 19 The relationship is direct and gives 
rise to the Law of Supply which holds that under pure compe­
tition, prioe varies directly with the quantity supplied. It 
is based on the assumption that as the prioe of a good rises, 
or is expected to rise, producers bring greater quantities 
of that good to the market. Elasticity is a useful analyti­
cal devioe in investigating prioe variations from normal, the 
effect of which was presented in Chapter VII. When the elas­
ticity of supply of a octrmodity is less than that of demand, 
the prioe fluctuates severely at first and tends to return 
to normal with the passage of tine. When elasticity of sup­
ply is greater than that of demand, price variations from 
normal tend to increase as time passec. These conditions are 
only some of the affects of elasticity of supply on price 
only when market conditions do not change. The presence of 
other factors may have the opposite effect upon price,
"A true change in supply takes place only when the pro­
ducers decide to okar&e tne number of PlXeyed f&£ sale
1® II anry Schultz, Statistical Lava of Lemand and 
(Chicago: The Iniversity of Chicago Press, 102$T7
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at a given prioe." A chans•• .-ei supply, vherefore, Is 
represented by a oe ;1 , * shift In the entire schedule of 
quantities which are offered for sal© at different prices.
A chan':.? in the sur-ly of ung oil may toe illusu- 
trated 1 * the use of a schedule of actual and assumed quan­
tities o^feret! for sale at tire? different timey. Supply 
schedules for 1946, 1947, ant 1913 are shown in the table 
h :. lOW »
7ah.\u Bupplv o r f . , . : ;  Oil, 194 ; ,  1947, and 1948
Supply 3ohedult.il (Imparts plus domestic production)
( *111-.ons o pounds) 
ricefr. 1946 1947 194
30 27 133 146
2.1 £3 133 147i£ 19 124 148




i t l36 V1' C 1 13' 15227 is-; 153
38 - ■ 130 134
36 131 15530 37 132 156




40 1,: u> 158159
34 41 136 160
3f, 43 137 1C136 ’ j| i 138 1.237 44 j 16338 45 1 .: 0 134
39 46 ia 1630 148 166
ifrOB Q, op.olt.. p. 286
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The schedules of prices and quantities are plotted 
on Chart 4. line S3 represents the supply curve for 1946} 
S*S*, for 1947? and 8*8*t for 1948* Of oourse, only one 
pair of actual prices and quantities may he shown for. eaoh 
period. The others are assumed values.
Assuming that no change takes place in price or de­
mand, a change in supply is represented by a shift in the 
schedule of quantities assumed to be offered for sale at 
the same prioe.
The effect of a change in supply is that It causes 
an inverse ohange in price, other things being equal. An 
increase in supply causes a decrease in prioe and a decrease 
in supply causes an increase in prioe.
SSMWlft iS. t&S demand for and Su&pJLx S t  M  Sii
The concept of changes in demand and supply is of 
particular importance when the two are considered together. 
An inorease in demand and an increase in supply have oppo­
site effects upon the price of a commodity and, if the in­
crease is proportionate for both demand and supply, no 
change in prioe takes place. Various combinations of demand 
and supply changes are possible. It may he said that, other 
things being equal, an inorease in the supply of a commodity 
causes a decrease in the prioe of that commodity? and a 
decrease in the supply causes an increase In prioe. Like­
wise, an increase In demand causes an increase In price, and 
a decrease in demand causes a decrease in prioe. The extent 
to which changes in demand and supply result in price

laa
fluctuations depends upon the extent of the changes and the 
slope of the demand and supply curves when plotted graphi­
cally. These statements Include some of the effects of 
elasticity of and changes in demand and supply only so long 
as other factors remain unchanged. They may he useful in 
determining the cause of changes in the price of a commodity
when conditions of elasticity of demand and supply of that
commodity either are known or assumed. The exact quantita­
tive conditions of elasticity of demand for drying oil® is
not known and such a computation is beyond the scope of this
work. However, there are certain qualitative factors which 
tend to strengthen otherwise arbitrary assumptions about the 
demand for tung oil. First, the availability of tung oil as 
a substitute for other drying oils produces an elastic de­
mand for this oil when the quantity consumed is high and the 
price is relatively low. The interohnngeability of drying 
oils for the purpose of preparing ordinary coating materials 
produces an elastic demand for each of the oils when the 
prices are about equal and quantities available are suffi­
cient to supply the needs of commercial consumers. Further 
decreases in the price of any one of the commercial drying 
oils permits manufacturers of general purpose paint® and 
varnishes to reduce cost of raw material by modifying their 
formulas and utilizing greater quantities of the cheaper oil. 
When the price of any one oil la increasing, higher manufac­
turing coats may b© avoided by making the required formula
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modifications and eon* wain**: smaller quantities of the high 
price oil. Therefore, whan production and consumption of 
all drying oil* are uniformly high, tha slope of their do* 
mand curves tend to ha similar. If the conditions which 
foster similarity of demand curves persist unchanged for a 
considerable length of time, the position of demand curves 
for competing oils mill approaoh uniformity. Similarity of 
both slope and position of demand for different commodities 
produces close similarity of elasticity of demand for those 
commodities.
The second factor which influences the demand for 
tung oil Is based upon its Inherent qualities. It has come
to bo recognised as an essential Ingredient in the prepare* 
tion of spar yarnish because of Its quality of forming a 
durable, hard, and waterproof film when exposed to air for 
a very short time. There ere other use® for which bung oil 
Is regarded as the most desirable drying oil. It is essen* 
tial for many special purposes and its marginal utility is 
high for purposes it which it is regarded as essential.
Other oils cannot be substituted for tung oil very success­
fully for these special purposes, because they do not 
possess the necessary properties. From an economic point of 
view, tung oil i® a differentiated produce differing from 
other drying oils for a limited number of uses. To the ex­
tent that it I* a differentiated product within a limited 
ar:.a of application, its demand becomes less elastic.
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la ooa8iteration of the above footers, it seems log­
ical to assume that the demand for tung oil Is inelastic 
when the oil is scarce and the price is high and that it be­
comes progressively elastic as greater quantities are ex- 
changed and the price declines.
By assuming the demand for tun® oil to be of the 
nature described above, some important effects of changes la 
demand and supply may be observed, for the best sequence of 
deductive logic, the principles set forth at the beginning of 
this section should be recalled. It may be stated as a 
classical principle of economics that a given Increase In 
supply causes the smallest decrease in the price of that 
commodity with the most elastic demand. likewise, a given 
supply change produces the greatest effect upon the price of 
that commodity with the most Inelastic demand. The direc­
tion of thought may be reversed without disturbing the value 
of the principle. Then, if the assumption in respect to the 
demand for tung oil Is correct, it follows that a decrease in 
the supply causes the price to increase at a progressively 
increasing rate. The effect is accelerated directly with the 
degree of inelasticity of supply. On the other hand, any in­
crease in supply causes a decrease in the price of tung oil 
at a progressively decreasing rate.
OaqjiOB 21 Changes £n ihe ££&&& 2X XS&M SU ZW t  M M  M  M M  
The material which ha® been presented In Fart II in­
cludes the following topics: U) the characteristics and
uses of tung oil, (2) production and consumption of drying
1®5
oils in the Uhited States, (3) economics aspects of producing 
spying oils, and (4) econo-ale aspects of the demand for tung 
oil. it now beoomes necessary to relate the material pre­
sented in Part II to the problem which was stated in the in­
troductory chapter and to show how they have Influenced the 
price of tung oil.
Tung oil is only one of several drying oils used in 
the manufacture of such products as paint, varnish, linoleum, 
oilcloth, and printing ink. Drying oils are partly inter­
changeable, making it possible for substitutes to be used in 
the manufacture c# drylng-oil products. The quantity of tung 
oil available in the United States decreased during the war, 
because the Japanese blockade of the Chinese coast reduced 
tung-oil exports to the United States. On the other hand, 
the quantities of other drying oils available for consumption 
increased during the war. It Is probable that the demand for 
drying oils was increasing at the time tung-oil imports were 
decreasing. Producers of tung oil in the United States were 
unable to increase production, because tung trees are peren­
nial plants which require a pre-production growing period of 
about four years before they can produce a crop of nuts. The 
decrease in the quantity of tung oil available for consump­
tion in the United States daring the early part of the war and 
the lack of ability of domestic producers to increase output 
caused the price of tung oil to increase. The increase In the 
prioe of tung oil caused consumers to increase consumption of
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other oils which could be obtained at a lower price. Greater 
demand for other drying oil® paused prices to rise. Higher 
prices for other drying oils brought forth greater produc­
tion, especially linseed end soybean oils. Shorter time- 
elaatieity supply of oils obtained from annual crop® per­
mitted producers to increase production In less time than 
that required to laorease produet ion of tung oil. Is long 
as the a reliability of tung oil la the Halted States was 
low, the prise remained high*
In 1946, the prise of tung oil began to decrease 
eery rapidly. 8y 1946, it had decreased to about the pre­
war level. An examination of the record of tung oil im­
ports and the production of tung oil in the Halted States 
shows that the quantity of tung oil available for consump­
tion in the United States was increasing at the same time the 
price was decreasing. The removal of the Japanese blockade 
of the Chinese coast at the end of the war permitted greater 
quantities of tung oil to be exported from China. Tung oil 
imports into the United States increased very rapidly. Pro­
duction in the United State® had begun to increase. Tung 
trees which were planted when the price of tung oil was 
high had begun to yield large crops. Greater quantities of 
tung oil available for consumption caused the price to de­
crease. By 1948, the quantity of tung ©11 available for con­
sumption in the United States was about equal to that which
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was available before the war and the price of tung oil was 
about equal to that of the prewar level. Lower tung oil 
prioes encouraged consumers to purohase greater quantities 
of tung oil. Greater purchases of tung oil cheeked the 
decrease in price.
It appears that as long as tung oil is in competi­
tion with other drying oils which are obtained from annual 
crops, price variations less severe than those which oc­
curred from about 1342 to 1943 can be expected. Basic dif­
ferences in the responsiveness of annual and perennial crops 
to changes in price seem to subject tung oil prices to a 
considerable degree of Instability. Conditions which affect 
the prices of other drying oils also have an effect upon 
the price of tung oil. However, such prioe changes are not 
likely to be extreme, because the operation of the principle 
of cross-elasticity of demand tends to keep the prices of 
drying oils close tegether under normal conditions.
GHAITI5K IX
sumawt Am conclusions
The purpose of this chapter is to present a sum­
mary of the material which has been developed in the pre­
vious chapters and, in order to facilitate greater 
olerity, to point out the relationship between the mate­
rial presented and the problem which was stated in the in- 
troduotory chapter.
The material has been presented in two part®, in­
cluding eight chapters. The significance of the tung oil 
industry, a statement of the problem, and the method of 
approach were presented In Chapter X.
Industrial development, practices, and techniques 
were presented in Fart I under the following chapter 
headings: U) the domestic tung oil Industry, (&) the
Chinese tung oil industry, and (3) the development of 
tung oil in countries other than China and the United 
States.
The development of the tung oil industry in the 
United States was presented in Chapter II. The mate­
rial was presented under the following topics: (1) ori­
gin of the domestic industry, (S) experimental develop­
ment, is) the domestic tung growing area, (4) soil and
drainage requirements, (5) scientific and technological
18©
18®
development of the domestic industry, and (6) the structure 
of the industry,
A description of the Chines® tung oil industry is 
found in Chapter III, the phases of the industry described 
ore (X) the producing area, (8) harvesting method®, (3) 
drying and pulverizing methods, (4) expressing methods, (5) 
Chinese transporting and marketing praetioes, (6) tung oil 
production, (?) quality of Chinese tung oil, (8) Chinese con­
sumption, and (9) export trade.
The development of tung oil in countries other than 
China and the United States is presented in Chapter IV.
Areas in which tung oil is being produced include (1} Latin 
America, (8) Afrioa, (3) India, (4) Japan, (5) Austra­
lia, and (6) Russia. The principal Latin American countries 
in which tung oil is being produced are Argentina, Brasil, 
and Paraguay. Production in Africa seems to be of little 
importance.
The industry was found to tee new and relatively 
small in the United States', whereas it is ancient and of 
primary importance in China. The oil is produced in the 
United States for domestic consumption? whereas It is pro­
duced in China and the Latin American countries for export 
trade. Tung oil produced in the United States is processed 
by the use of modern machinery? while Chinese oil continues 
to be processed by crude method®. Tung nut® in the United 
States and Latin America are grown in well cultivated
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orchards, and those la China are grown in cultivated or­
chards sad in undomesticated groves.
The Material included in Fart II was presented un­
der the following chapter headings® Cl) characteristics 
and uses of tung oil, (S) production and consumption of 
drying oils in the United States, (3} economic aspects of 
produoing drying oils, and Uneconomic aspects of the de­
mand for tung ell.
The usas of tung oil are found in Chapter 7. It is 
used as a raw Material in the manufacture of a variety of 
produets, the most important of which are (1) paint and 
varnish, (2) linoleum and oilcloth, and (3) printing in*.
A statistical presentation of the availability and 
utilization of drying oils In the United States is found In 
Chapter 71. Other factors treated In the chapter which in­
fluence the price of drying oils are (1) the tariff on dry­
ing oils and (2) the government price support program for 
drying oils.
The similarity of properties of drying oils h&s 
far-reaching consequences. First, it means that all of the 
commercial oils are produced under conditions of rival sup­
ply. They are competing for similar market outlets. This 
type of a situation invites competition on a price basis and 
depresses the price below what it would be under different 
circumstances. Availability of substitutes plays an Im­
portant part in this type of competition. For that reason,
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the conditions of supply of the competing drying oils have 
been brought into the analysis in Chapter VII, The most 
significant economic aspects of producing drying oils hove 
beer presented. Of great importance is the fact that tung 
trees are perennial plants and that the vegetable oils 
which oorapete with tung oil in the market place are ob­
tained from annual crops, A basic difference between per­
ennial and annual crops arises out of the variations inj
tiae-periods of production. It requires a longer period to 
increase the supply of goods produced from perennials than 
it does from those produced from annuals* Onoe perennials 
are in production, supply continues to come forth each year 
during the life of the tree. The producer of perennials has 
less control over supply than the producer of annuals. The 
flax farmer has greater control over hi® annual supply of 
flax seed than the tung grower has over his annual supply of 
tung nuts. Inability of tung growers to make the necessary 
adjustments in the quantity of nuts produced annually pro­
duces instability in the tung oil industry so long as tung 
oil is used interchangeably with linseed oil and other dry­
ing oils obtained from annuals.
Sconomio aspects of the demand for tung oil were 
presented in Chapter VIII under the following topics? (1) 
the market situation in which tung nuts are sold, (8) the 
market situation in which tung oil i® sold, (3) the nature 
of the demand for drying oils, (4) changes in the demand
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for tung oil, (5) changes in the demand for and supply of 
tung oil, and (6} causes of changes in the price of tung 
oil from 1942 to 1940. Conditions surrounding the sale of 
tung nuts suggest the existenoe of a condition of pure com­
petition, with the possibility of an oligopsony element in 
limited geographical area®. The demand for drying oils is 
of a derived nature. The interchangeable use of drying 
oils oreates a rival demand in which the oils compete for 
similar market outlets.
In interpreting the material which has been presented, 
the following factors seem to be most important in explaining 
the changes which occurred in the price of tung oil during the 
war and postwar periods: (1) characteristics and uses of tung
oil, (2) the availability of drying oils in the United States, 
(3) consumption of drying oils in the United States, (4) eco­
nomic aspects of producing drying oils, and (3) the nature of 
the demand for drying oils. The rapid increase in the price 
of tung oil in 1940 and 1941 was due in part to the dis­
appearance of imports from China and the inability of do­
mestic producers to Increase production in the United States. 
To be sure, more tung trees were planted during this period 
of rising prices, but the length of the pre-production grow­
ing period for tung trees made it impossible for the necessary 
increase in production to be made until the trees had begun 
to yield a crop. Throughout the war-period from 1942 to the 
latter part of 1945, the price of tung oil remained at or 
near the official prioe ceiling of 39 cent® per pound, because
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quantity supplied at anything less than that price was 
insufficient to meet the needs of all consumers who were 
willing to pay that price. Romestic producers were encour- 
as©? t© cultivate existing orchards more extensively and to 
expand and male a preparations for greater output*
In the case of other drying oils, chiefly linseed 
and soybean oils, the price trend was upward but the extent 
of the increase was less than that of tung oil during the 
same period. In a general way, the factors responsible for 
the increase in the price of tung oil influenced the price 
of *.-ahor drying oils but not in the same direction and to the 
same extent. The conditions which caused the demand for tung 
oil to increase also caused an increase in the demand for 
drying oils in general, but the factors which brought about 
a decrease in the supply of tung oil did not affect the sup­
ply of linseed and soybean oils. Instead, both domestic 
production and imports of linseed oil increased from 1940 - 
through 1944. Soybean production and exports Increased 
throughout the period under consideration. The ability of 
producers to make the necessary adjustments in the supply of 
these two oils obtained from annuals prevented the prices from 
rising as high as the price of tung oil.
An almost complete reversal of economic circumstances, 
beginning in 1946, brought about a decrease in the price of 
tung oil and an increase In the price of all the other com­
mercial drying oils. Probably the most important cause of
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the decrease In the price of tung oil was an Increase in 
supply. At the same time, evidence of a decrease in demand 
is not lacking, but the greatest change in factors which 
influence price occurred in supply. Two factors account for 
the increase in supply during this particular period. First, 
with the end of the blockade of the Chinese coast in 1945, 
imports from that country increased very rapidly. Imports 
increased from less than one-half million pound® in 1945 to 
about 133 million pounds in 1948. An increase in supply of 
sueh great proportion, together with a demand which becomes 
progressively elastic as greater quantities, are purchased, 
accounts for the major decrease in the price of tung oil 
from 1945 through 1948,
The second factor accounting for the increase in 
supply during this period was domestic production. During 
the war-period, when the price of tung oil was high, tung 
growers enlarged and Improved their orchards in anticipa­
tion of continuing high prices. Those trees began to bear 
fruit on a commercial basis in 1945. Consequently, domes­
tic production of tung oil increased from about two and one- 
half million pounds in 1944 to over ten million pounds in 
1945. Since 1945, production ha® increased annually in ex­
cess of a million pounds. An Increased supply from both of 
the above sources, together with a decrease in demand, 
brought about a deorease in the price of tung oil during 
the postwar period.
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Daring the period, 1946 and 1947, the prices of ell 
other commercial drying oils Increased. Evidently, a set 
of circumstances differing materially from those influenc­
ing the price of tung oil were responsible for those up­
ward price movements. At first it may seem logical to as­
sume that the demand for all drying oils declined along with 
the decrease in the demand for tung oil. tfpon further con­
sideration, however, it appears that the demand for oils 
most suitable for general application in the drying oil 
field increased as a result of postwar construction.
From the supply side of the price determining mech­
anism, conditions were favorable for an increase in price. 
Beginning in 194S, domestic production of linseed oil de­
creased annually until 1947, when it reached the lowest 
point since 1938. Reference to Chart I, Chapter I, shows 
that the period of decreasing production coincided with 
the period of increasing prloe. This is in contrast with 
the inorease in the supply of tung oil and reveals the 
ability of annuals to make desired adjustments in supply. 
Both imports and domestic production of castor oil decreased 
during the corresponding period. The price of oitioloa oil 
increased very little during the period under consideration 
and decreased rapidly after 1947. Even this slight increase 
cannot be accounted for frota the supply side. It is not 
produced domestically and any change in supply is revealed 
by changes in import figure®. Evidently, the oil found an
in
improved demand in the postwar market.
The remaining oils, menhaden and soybean, do not 
follow the same pattern of analysis as the other oils.
They are not used as extensively for drying purposes as 
seme of the other oils. Menhaden oil ia used most ex­
clusively in the manufacture of soap, while soybean oil 
is most useful as an ingredient of food and soap. Conse­
quently, the competitive position of these oils is not de­
termined by the drying oil market alone. Instead, their 
prices are influenced by competition from other drying 
oils and from other products used in manufacturing food 
and soap.
In contrast to the previous two-year period, be­
ginning in 1947, the prices of all drying oil® turned 
downward. The downward trend has continued throughout the 
remainder of the postwar period into 1®80. There was a 
noticeable oheek in the price decline of tung oil m  1948. 
The present price of 26| cents f.o.b., southern mills, Is 
above the lowest average price for 1948 and 1949.
Two factors are responsible for this last major 
change in prices of drying oils, namely, a decrease in de­
mand and an inorease in supply. It is doubtful if there 
has been a decrease in the demand for drying oils in 
general, but there are Indications that the demand for par­
ticular oils has decreased. When the price of tung oil 
dropped below the price of linseed oil and dehydrated
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castor oil in 194?, industrial consumers were afforded an 
opportunity to reduce cost of raw material® fey using more 
tung oil and reducing their purchases of linseed and de~ 
hydrated oastor oils. This market phenomenon is known as 
orees-elastieity of substitutes produced and sold under 
rival conditions. It had the effect of decreasing the 
prloes of linseed and castor oils and checking the down­
ward trend of tung oil* Because of the close similarity 
between tung oil and oiticioa oil, the decrease In price of 
the former sent the prloe of the latter on a downward spiral. 
The inter-competition of drying oils has brought their 
average prloes more closely together. Their prloe differ­
entials are less than they were in 1940.
Another important factor partly responsible for 
the price decline was an increase In production. Begin* 
a in g  in 1947, there was an increase in production of lin­
seed, soybean, and castor oils. Linseed and soybean oils 
are obtained from annuals oapable of making adjustments In 
supply within short periods.
It appears that tung oil was not able to maintain 
a prioe-position comparable to that of other drying oils 
during the postwar period because of (l) the great in­
crease in tung oil imports into the United State® from 194© 
through 1948, (2) the increase in production of tung oil
In the United State® which began in 1946, and (3) the In­
crease In consumption of other oils, chiefly soybean oil
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in the manufacture of dryinc;-oil products, This, list of 
faotorc contributing to the decrease in the; price of tung 
oil is not considered as including all po;?albl® factors, 
because many things airy influence the prioa of a commodity. 
However, they do appear to have been significant in this 
case.
The major economic forces which have been operat­
ive to undermine the position of tung oil in the domestic 
market include the following* (1) the tlme-elasticity of 
supply of tung oil imports is less then that of tung oil 
whieh is produced in the United States, (2) the short 
tlme-elastieity of oils obtained from annuel plants per­
mitted producers of other drying oils to increase produc­
tion more quiokly than producers of tung oil In the United 
States, and (3) the partial interchangeability of drying 
oils permitted substitute oils to be used when the price 
of tung oil was high.
The principal factors responsible for the high 
price of tung oil during the war appear to have been (1) 
the great decrease in tung oil imports, (8) lack of 
ability of tung growers in the United states to increase 
production of tung oil which is obtained from perennials.
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